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FOREWORD 


This document is a compendium of Shuttle capabilities, constraints and 
guidelines which have been abstracted from currently available documents 
generated by NASA, Rockwell International, and by other NASA contractors. 

The document includes summaries of significant results from Rockwell experience 
gained in Shuttle integration activities and from a recent, extensive study of 
Space Construction System Analysis , Contract NAS9-15718. Essentially no new 
technical data were generated, but an attempt was made to provide updated 
information concerning orbiter systems, and to discuss potential new Shuttle 
hardware and procedures concepts currently being studied. At the time of 
this writing there were no specific plans to have the document updated in 
the future as results of additional studies concerning design of large space 
structures are made available and actual flight data are derived from early 
Shuttle operations. Therefore, the following warning is included herein and 
several places in the document: 

“ Caution : Not a controlled document] See appropriate reference 

documents for current data." 

The document was prepared by the Space Operations and Satellite Systems 
Division, Space Systems Group of Rockwell International Corporation for the 
National Aeronautics and Space Administration, L. B. Johnson Space Center, 
under Amendment/ Mod 4S of Contract NAS9-15718. The contract was administered 
$ under the technical direction of Mr. Lyle Jenkins, Spacecraft Systems Office, 

% ' Spacecraft Design Division, L. B. Johnson Space Center. . Funding was provided 

through the office of the Large Space Systems Technology Program. 


The project was performed by Mr. John A. Roebuck, Jr. under general 
direction of Ellis Katz, Project Manager for Large Structural Systems, with 
the following persons from Rockwell International making significant contri- 
butions in summarizing technical material, preparing drawings, or performing 
technical review of the contents: 
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C. H. Fritz 
J. C. Hawkins 
H. L. Myers 
B. G. Oleson 

In addition, the author wishes to thank personnel from other contractors 
who contributed suggestions concerning significant needs for orbiter interface 
data. These include A1 Nathan, Grumman Aerospace; George King, McDonnell 
Douglas; John Bodle and Lae Browning, Convair Division of General Dynamics. 
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1.0 INTRODUCTION - SCOPE 


This document provides introductory facilitating information in a form 
readily accessible to the designer, system analyst, and program planner involved 
with design of a class of large space structures. 1 The structures considered 
are those capable of being constructed and tended in space using the remark- 
able capabilities inherent in the Space Transportation System (Space Shuttle) 
as a transport method and on-orbit base. 

1.1 DEFINITIONS AND ORGANIZATION OF DOCUMENT 

Much of the information in this document is presented as specific design 
constraints /capabilities and guidelines, 2 defined as follows: 

. Shuttle Constraints/Capabilities 

Official documented (Ref. Para. 1.1.2) Shuttle system capa- 
bilities, requirements or limitations which must be observed 
by designers in order to assure that Shuttle crews can ascend, 
rendezvous, dock/berth, perform construction and maintenance/ 
checkout on orbit using the Shuttle Orbiter, and return safely 
to earth. Examples: power limits, payload bay size, number of 

crew stations in ccbiter cabin, launch weight, range of location 
of center of gravity of cargo. 

. Shuttle Guidelines 


Recommended practice in design and procedures which helps to 
assure mission success, minimize cost and provide adequate 
safety, with particular reference to operations involving 
large space structures, using the Shuttle system. Examples: 
minimize time on orbit, provide for safe and productive crew 
work/rest cycles, minimize power demand. 

There is an extensive amount of data and variety of types of information 
which could potentially fit into the category of Shuttle constraints, capa- 
bilities and guidelines relative to design of large space structures. There- 
fore, this document was written to perform the function of a set of keys— 
a means to identify sources and to gain access to pertinant information. 

Each major section includes tables which act as checklists of constraints, 
including capabilities and guidelines, lists of associated references, and 
suggested implications for space construction. These tables generally are 
accompanied by narrative and graphic descriptions which further explain what 
can be done with the available hardware and procedures, provide rationale for 
guidelines, present example applications (in some cases), and define unusual 
te rms . 

NOTE: 1 "Caution: Not a controlled document I See appropriate reference 

documents for current data." 

2 These guidelines may be of a generally useful, universal nature for 
space operations, which appear in Shuttle-oriented study reports or 
NASA reference documents. In many cases the distinction between 
guidelines, capabilities and constraints is a matter of judgement 
by the author. In case of doubt, NASA contract monitors should be 
contacted for clarification. 
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In the typical subject presentations, checklists are divided into consider- 
ations dealing with (1) hardware and (2) procedures. Thus, for each subject 
there may be as many as four sets of checklists, which are arranged in the order 
noted in Table 1.1-1. 


Table 1.1-1. Matrix of Order of Presentation of 
Checklists for Each Topic 



CONSTRAINTS 

GUIDELINES 

HARDWARE 

FIRST 

SECOND 

PROCEDURES 

THIRD 

FOURTH 


This arrangement assumes the majority of the readers are designers who are 
somewhat familiar with Shuttle systems and are mostly concerned about defined 
hardware and firm constraints or capabilities. However, system analysts may 
prefer to first read the guidelines which are usually more introductory in nature 
and frequently provide rationale for using a given type of Shuttle capability. 

Each checklist item is, to the degree practical, a factual statement of a 
specific constrain^capability or guideline. The statement attempts to provide 
a broad baseline of information to the reader. However, its more important func- 
tion may be to alert the reader that a potential capability, constraint or pre- 
ferred approach exists. Accompanying each statement are references which either 
provide the authoritative basis for the statement, or provide the reader with 
discussions and data which are likely to contain further details concerning the 
Space Shuttle system. 

The majority of this document is organized according to Shuttle systems and 
general payload integration concerns applicable to all types of payloads (e.g., 
orbiter configurations, attachments, signals, power, thermal, etc.). However, 
two entry points are offered which emphasize topic headings directly related to 
large space construction and operations. The first is presented in Section 1.2 
in the form of a table of typical large space structures design issues and related 
discussion material (Sections 1.2.1 through 1.2.7). The second is an alphabetical 
subject index at the back of the document which includes a great many topic head- 
ings dealing with design of large space structures (e.g., construction fixtures, 
module installations, crew productivity) . Both entry points provide references 
to the appropriate Shuttle constraints/ capabilities, guidelines, and associated 
descriptive material. 


The data provided herein must be considered as advisory in relation 
to historical time. The Space Shuttle program is a dynamic, changing 
entity. Therefore, this document cannot hope to be current in all 
respects for very long. The reader is urged to check for the latest 
publication or updating supplement of any listed document, and to be 
cautious about accepting statements in the checklist as final or 
unequivocal fact. 
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Also, at this writing, many items of equipment which were conceived as 
part of the Space Shuttle program had not been contracted for, nor qualified. 
Therefore, it appeared advisable to qualify such items by a rating number 
describing related validity or availability, as defined in Table 1.1.2. As 
funds are made available and experience gained in operations and development 
tests, such ratings will inevitably change, even if the technical facts do not. 


Table 1.1-2. Availability Rating Scale 


1 Rating 

Description of Status 

R-l 


Funded Shuttle Development Program olanned onerational 
date (or actual delivered hardware) 

R-2 


Proposed, well-defined Shuttle hardware concents, hard- 
ware funding deferred 

R-3 


Study Program in work, supported bv NASA or contractor 
funding of system hardware 

R-4 


Recommendation from study. No current fundinz for hardware 

R-5 


Conceptual only 

Note: 

Application of the ratings is based upon the knowledge and 
judgment of the author ou or about the date of publication, 
and does not necessarily represent any official MSA or 
Rockwell viewpoint as to technical quality or public policy. 


1.1.1 How To Use This Document 

This document is primarily a reference book designed to provide access 
to facilitating information, cautions and limitations concerning the influence 
of Shuttle systems on design of the class of large space structures which can 
be built from the orbiter. Managers and project engineers should first care- 
fully note the categories of information in the Table of Contents and read the 
introductory narratives at the beginning of each major section. 

At the beginning of a large space structure design project, managers and 
analysts probably will be concerned with understanding and prioritizing i.'or 
study the issues discussed in Section 1.2. These issues were identified as a 
result of several years experience of the authors, and by discussions with 
other contractors. They are considered to be applicable to a large number of 
possible projects. 

Systems analysts and designers should specifically note the organization 
of material in relation to their respec* * 'e specialty areas and carefully review 
the associated checklists of constrain* j and guidelines. 

After these introductory reviews, the major point of entry to the report 
for most users will likely be the alphabetically arranged subject index at the 
back. This index lists pages of the report which potentially contain applicable 
checklists of constraints and guidelines, together with references to source 
documents and the availability rating number which relates to the status of the 
associated hardware development. 
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As a practical aid* each checklist item is preceded by parentheses which 
provide a convenient spot for a checkmark on working copies or for a ref- 
erence number to study report paragraphs or charts in design studies. The 
checklists can be reproduced and used for systems analysis and design plan- 
ning. Analysts and project leaders may refer to the checklists for design 
reviews. Requirements analysts should obtain up-to-date copies of the ref- 
erenced regulatory documents to assure their understanding of the latest 
changes in details; then they should compile and issue changes to the check- 
lists (where appropriate) for the use of project personnel. 

Note that the checklist tables may include callouts which refer to 
figures or tables which are not mentioned elsewhere in the text. Such figures 
or tables follow the checklist tables prior to subsequent text material. 
Acronyms which appear in the checklists and elsewhere in the tables, figures 
and text are listed in the back of the document. Also included at the back 
is a brief glossary of technical terms. 

In all cases, the referenced regulatory documents should be considered 
as prime sources of information, since the checklists contained herein are 
advisory and may not be continually updated. For the convenience of the reader, 
a short listing of most referenced, prime requirements documents is presented 
below. These are essential documents for consideration of Shuttle constraints 
and guidelines for large space structures design. 

1.1.2 NASA Documents of General Interest to Shuttle Users 


Space Transportation System 
User Handbook 

June 1977 and Errata July 1977 

Space Shuttle System Fay load 
Accommodations, JSC 07700, 

Vol. XIV and Attachment 1 
(ICD 2-19001) 

STS Flight Planning, JSC- 
11803 

Communications and Data 
Systems Integration (CADSI) 
End-To-End Configuration 
Book, JSC-10074 

Shuttle Operations Data Book, 
JSC-08934, Vol. I - Shuttle 
System Performance & Constraints, 
February 1980 


Payload Interface Verification 
Requirements, JSC-14046, 

August 1980 

KSC Launch Site Accommodations 
Handbook for STS Payloads, 
K-STSM-14 . 1 (Rev. A, March 1980) 

Shuttle EVA Description and 
Design Criteria 
JSC-10615 

Space Transportation System 
Reimbursement Guide, 

JSC-11802, May 1980 

Shuttle Payload Integration 
Activities Plan, JSC-14363, 
September 1978 
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Safety Policy and Requirements for 

Payloads Using the Space Transportation System 

(STS) NHB 1700.7 

MSA - Washington, D.C., May 1979 

1.2 SHUTTLE INTERFACE ISSUES FOR LARGE SPACE STRUCTURES DESIGN 

This section identifies several design issues characteristic of large 
space structures and relates them to potential capabilities/constraints and 
guidelines associated with use of the Space Shuttle as a transport vehicle and 
construction/maintenance base. 

Development of the design requirements for proposed structures design/ 
construction concepts must include analysis of Shuttle capabilities/constraints 
to determine if the mission could be successfully performed. An overall con- 
cept for the process of designing a space construction project and inte- 
grating it with the Shuttle Orbiter is depicted in Figure 1.2-1. As illus- 
trated in the figure, the Shuttle constraints and guidelines may be grouped 
and considered approximately in the order in which they are encountered during 
a mission. However, some aspects of design may require the reverse procedure. 

That is, it may be necessary to define the desired or required end operational 
condition, and then to determine the packaging conditions, equipment, supplies, 
and procedures that must be provided to meet the end needs. For example, a 
decision concerning whether to add one or two cryogenic fuel kits to the orbiter 
manifest depends on the estimated total energy demand for the space operations. 

The latter can only be determined after an extensive end-to-end analysis based 
on postulated equipment used, duration of orbital operations, and compilation 
of work performed. Under some conditions, a different equipment or procedure 
may be selected in order to avoid installing an extra cryogenic kit. During 
analysis and design, the requirements of a particular design/construction con- 
cept are serially compared to the Shuttle constraints and guidelines. Each 
comparison may result in a determination as to whether there is an over-utilization 

or acceptable under-utilization of the orbiter capabilities. If the design/ 
construction requirements are greatly different from orbiter capabilities, the 
process may require revision of the basic design for concept modifications. 

A key point of philosophy is implicit in Figure 1.2-1; it is that design of 
large space structures is inextricably linked to, and driven by, the process 
of manufacture or construction of the structure in the space environment. In 
nearly all of the following presentations the concept of design encompasses 
design of the construction equipment and selection of all construction support 
equipment as well as that of the actual finished and operational spacecraft. 

Design is assumed to Include considerations of all mission phases from launch 
of the first piece of construction fixture to the last provision for on-orbit 
maintenance or refurbishment. 

Shuttle capabilities are not necessarily separate and distinct. For 
example, a larger electrical power supply can be provided for a particular 
mission, but only at the expense of the amount of mission payload that can be 
carried. Wherever possible in this report, such trade requirements are pointed 
out and sources of data for resolving the trade issues are provided or refer- 
enced. 
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Figure 1.2-1. Suggested Process for Consideration of Shuttle Constraints 
and Guidelines During Design of Large Space Structures 
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The wide variety of large space structures projects currently in the stage 
of conceptualization and preliminary design study include a great many Shuttle 
payload integration considerations. However, emphasis is given herein to those 
aspects which have been identified, by previous NASA and contractor studies, as 
important and serious concerns. Table 1.2-1 lists, in the left column, several 
general space construction issues involving specific Shuttle constraints and 
guidelines which are briefly indicated in the middle column. The right column 
lists sections of this document in which applicable information on the identi- 
fied Shuttle constraints and guidelines may be found. Thus, Table 1.2-1 is 
arranged approximately as a table of contents to this document might appear if 
it were organized according to the viewpoint of a current designer of large 
space structures. While these issues are of deep concern today, future 
designers may encounter other design issues, as yet unforeseen as crucial. 
Therefore, as previously noted, the selected organization of material in this 
document relates primarily to Shuttle systems and characteristics. The latter 
are presumed to be relatively stable in overall scope during the next two 
decades. 

Further discussion of the large structures design issues follows in sub- 
sequent sections (1.2.1 through 1.2.7). Such discussion is designed to provide 
further explanation of the rather cryptic terminology used in Table 1.2-1 and 
the rationale for considering the listed issues in this document. Another pur- 
pose of this discussion material is to familiarize the reader with the vocabu- 
lary and historical basis for the conceptual framework which was used in 
developing the subject index at the back of the document. This is desirable 
because design approaches and terminology have yet to be standardized in the 
relatively new field of engineering large space structures. For example, most 
large space structures will probably require at least one relatively large piece 
of equipment to stabilize and position the spacecraft with respect to the 
orbiter during construction. This item might be designated in an index by a 
descriptive, shape-related name, such as "trapeze" or "claw", while others may 
use the more general terms of "jig" or "fixture" or "holding-positioning aid." 
All such titles of devices are cross referenced in the index to the title 
"construction fixtures." Further assistance is offered by the glossary at the 
back of this document. 

1.2.1 At What Orbit Shall Construction Take Place ? 

This issue confronts the major Shuttle constraints on maximum altitude 
versus lifted mass, orbiter turnaround time versus altitude decay of the large 
space structure spacecraft, and orbiter launch 3ite availability versus desired 
orbital angle. Additional, less directly related issues include crew protection 
from ionizing radiation and available crew work time in sunlight. 

In general, studies have shown that construction based on use of the 
Shuttle must take place at relatively low earth altitudes of 150 to 250 nmi and 
generally would be most economical if launched at 28.5* inclination from 
Kennedy Space Center. Checklists and discussion material appear in Section 2.0. 
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Table 1.2-1 Typical Large Space Structures Design Issues 
Involving Shuttle Constraints & Guidelines 


LARGE SPACE STRUCTURE 
DESIGN ISSUES 

SHUTTLE CONSTRAINTS/ 
IMPLICATIONS 

APPLICABLE 

SECTION 

NUMBER 

e CONSTRUCTION ORBIT 

e LAUNCH SITE 

2.0, 2.3.1 

• ALTITUDE 

e PAYLOAD CAPACITY OF 

2.3.1 

e INCLINATION 

ORBITER (WEIGHT) 



e OMS KIT IMPACT ON 

2.3.1, 3.11 


VOLUME 



# ORBIT DELAY VS SHUTTLE 

2.1, 7.0 


TURNAROUND 


. 

e RADIATION ENVIRONMENT 

2.2 


e PARTICLE DENSITY 


• CONSTRUCTION CONCEPTS 

e ATTACHMENT POINTS & 

3.2, 3.8-3.10 

• DEPLOYABLE STRUCTURE 

CONNECTIONS FOR 

3.11, 3.12, 

• ERECTABLE STRUCTURE 

FIXTURES 

4.4.2 

• SPACE FABRICATED STRUCTURE 

• CLEARANCE ENVELOPES 

4.10 

• HYBRID-OOMB. OF ABOVE 



• NEW TECHNOLOGY 

• ORBITER CONFIGURATION 

3.1, 4.4.1 


e EVA SUPPORT 

4.8 


e PAYLOAD HANDLING 

4.4.4, 


OPTIONS 

4.5 - 4.7 


e VOLUME & MASS PROPERTY 

3.1, 3.4 

, 

CONSTRAINTS OF ORBITER 



e CONTINGENCIES 


• EQUIPMENT/SYSTEMS TO BE INSTALLED/ 

• RMS HANDLING & STOWAGE 

4.4.4, 4.5 

DEPLOYED ON STRUCTURE 

CAPABILITIES 


• MODULES 

e PIDA, OTHER AIDS 

4.4, 4.7 

• INTERCONNECTS (WIRES & TUBES) 

• COMMUNICATIONS 

4.10 

• BLANKETS 



e MOUNTING/OONNECTING DEVICES 

• EVA SUPPORT 

4.8 

e ASSEMBLY/INSTALLATION SEQUENCE FOR 

• ORBITER PACKAGING 

3.0 - 3.11 

STRUCTURE AfO SYSTBMS 

CONSTRAINTS 


• ENVIRONMENT - DETERMINE) 

• PAYLOAD HANDLING 

4.4.4, 4.5- 

• CONFIGURATION - DETERMINED 

OPTIONS 

4.7 

• FUNCTION - DETERMINED 

• EVA CONSTRAINTS 

4.8 

• TIME - DETERMINED 

• ATTACH INTERFACES 

3.2, 3.8-3.10 

o ABORT CONTINGENCY CONSTRAINED 

e CREW VORK/REST CYCLE 

5.2 

(C. G. LOCATION) 

CONSTRAINTS 



• ILLUMINATION & VISION 

4.9 


CONSTRAINTS 



• THERMAL CONSTRAINTS 

4.13 
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Table 1*2-1 (Cont'd) Typical Large Space Structures Design Issues 
Involving Shuttle Constraints & Guidelines 


LARGE SPACE STRUCTURE 
DESIGN ISSUES 


SHUTTLE CONSTRAINTS/ APPLICABLE 
IMPLICATIONS SECTION 


e DOCKING/BERTHING HARDWARE 
PROVISIONS FOR REVISIT 
e RMS USAGE (BERTHING) 
e DIRECT DOCKING 
e OTHER AIDS 
e STABILIZATION METHODS 


e SIOlALS/OOMMAfCJS BETWEEN ORBITER 
AND CONSTRUCTION 
e HARDWIRE 
e SOFTWARE 

• VISUAL 

e PACKAGING REQUIREMENTS & NUMBER OF 
SHUTTLE FLIGHTS 
e LARGEST PART SIZE 
e NESTING Q INTERLEAVING 
e CONSTRUCTION METHODS 

• NO. OF SHUTTLE FLIGHTS PER 
PROJECT 


4.1 

4.4.1 
4.2 


e RMS LIMITS 
e DOCKING SYSTEM 
CONSTRAINTS (ANGLE. 
IMPACT) 

e PLUME EFFECTS 
e ORBITER CONFIGURATION 
e ATTITUDE CONTROL OF 
ORBITER 

• CONTINGENCIES 

• HARDLINES HARNESS 
e RADIO FREQUENCY 

• SOFTWARE, C8.W RQMTS 
e VISUAL ANGLES 

• LIGHTING, TV 


ORBITER VOLUME & WEIGHT 2.3.1, 3.0 

LIMITS 3,1, 3,4 

ORBITER ATTACHMENT 3.2, 3.3, 3.‘ 

PROVISIONS LOCATIONS, 3.4 

LOAD LIMITS 

ORBITER UTILITIES 3.8, 3.9 

CONNECTIONS & KITS 4.3.1,4.10- 

4.13 


TIME PACING ITEMS IN CONSTRUCTION 
(IVA & EVA) 
e LABOR 

e MACHINE RATES 
e ASSEMBLY 
e TRANSPORT 


POWER/ENERGY REQUIREMENTS & SOURCES 
e PEAK POWER/DURATION 
e TOTAL ENERGY 


• NO. OF CREW 

• ROTATION/TRANSLATION 
RATES OF HAMXING AIDS 

■ ORBITER RESOURCES 

' CREW WORK/REST CYCLES 
& HOUSEKEEPING 
EVA CONSTRAINTS 

POWER LIMITS 
WEIGHT & VOLUME FOR 
SUPPLIES OF FUEL. OR 
BATTERIES OR SOUR 
CELLS 

CRYOGENIC KITS IN 
ORBITER 


3.1, 5.1 
4.5 - 4.7 

4.10, 4.12, 
4.13 

5.2, 5.3 


4.10 

2.3.1, 3.1 


4.10.2 
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Table 1.2-1 (Cont’d.) Typical Large Space Structures Design Issues 
Involving Shuttle Constraints & Guidelines 


LAFf-E SPACE STRUCTURE 
DESIGN ISSUE 

SHUTTLE CONSTRAINTS/ 
IMPLICATIONS 

APPLICABLE 

SECTION 

NUMBERS 

• DEGREE OF AUTOMATION FOR 

• RMS CAPABILITIES 

4.5 

CONSTRUCTION /MAINTENANCE 

• PAYLOAD HANDLING 

4.4.4, 4.5- 

• MANUAL (EVA) 

OPTIONS 

4.7 

• COMPUTER AUGMENTED REMOTE 

• EVA CONSTRAINTS 

4.8 

CONTROL 

• ORBITER RESOURCES 

3.11, 3.12, 

• FULLY AUTOMATIC, MANUAL 

• SOFTWARE & DATA 


OVERRIDE, INITIATION 

INTERFACES 

4,12 

• ATTITUDE CONTROL OPTIONS 

# PRIMARY RCS LOADS 

4.1, 4.2 

• DOOCING/BERTHING 

• VERNIER RCS LOGIC 

4.1, 4.2 

• ORB I TER VS STRUCTURE 

• FREE DRIFT IMPLICATIONS 

4.2.2. 

• FREE DRIFT VS CONTROL 

• ENERGY RESOURCES 

4.2, 4.10 


• SOFTW'Sc, HARDLINES 

4.12 


e CONTAMINATION 


• THERMAL CONTROL & IMPLICATIONS ON 

< ORBITER SHADOWING 

4.13 

SPACE STRUCTURES 

• ORBITER HEAT OUTPUT 

4.13 


• ORBITER HEAT REJECTION 

4.13.1 


CAPABILITY 



e SOLAR FOCUSSING Or 

4.13.2 


RADIATORS 


• O.4AJNICATI0NS DURING ORBITER 

• ORBITER ANTENNA 

4.11 

TENOED OPERATIONS 

LOCATIONS 



• ORBITER MASKING 

4.4.1 


• ORBITER C8DH CAPABILITY 

4.11, 4.12 

• CONFIGURATION CONSTRAINTS 

• ORBITER CONFIGURATION 

4.4.1 

• FUNCTIONAL SHAPE 

• THERMAL REQUIREMENTS 

4.13. 

• BUILD DIRECTION 

OF ORBITER 


e CLEARANCES 

• SAFE CLEARANCES OF 

4.4 


MOVING PARTS 
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1.2.2 How Shall the Project be Constructed ? 


The majority of construction processes considered in this report Involve 
three basic structural concepts which have historically evolved during the 
years prior to 1980. These are defined briefly In Figure 1.2-2. 

In fact, a combination and blend of these, and possibly other processes, 
will probably be Involved In most space construction projects. In most cases, 
some modules or other components will be installed or joined after the basic 
structure Is formed In space. Thus, a process of "assembly" or "erection" Is 
like. 7 .'/ vo be Involved In most space construction projects. Within each of 
these basic concepts, there is Implied the decision of degree of dependence on 
remotely controlled or automatic machinery versus direct (EVA) processes. 

Designers of all processes must eventually come to grips with questions 
of where they can attach equipment to the orblter, how they can clear Its 
critical surfaces, and how they can package the system fit within the pay- 
load bay. Such Issues are dealt with in Sections 3.1 tnwugh 3.10, 4.1 and 4.4. 
Sections 4.5 through 4.8 provide considerations dealing with handling the piece 
parts during construction and joining them together by making use of available 
Shuttle equipment and operational capabilities such as the remote manipulator 
system and extravehicular activity of the crew. 

1.2.3 What Equipment or Systems are to be Installed/Deployed on the Structure ? 

The general approach taken for this document is to consider the generic 
shape, dimensions, and mass of items to be handled during construction rather 
than the function of such items when Installed. In Its stowed condition In the 
orblter, a rather complex, deployable subsystem element may be treated as a 
simple lump by the orblter remote manipulator system (RMS) operation. In 
Sections 4.4.4 and 4.5 through 4.7, this report presents the constraints and 
guidelines for handling objects with various Shuttle equipment Items. When 
objects are small enough and light enough, they may be transported and installed 
by EVA within the constraints and guidelines described in Section 4.6. 

1.2.4 How Shall the Project Parts be Packaged and Interfaced with the Orblter 
for Delivery ? 

This area of concern Includes many of the most specific constraining Influ- 
ences on design of large space structures and associated construction equipment. 
Among these limits are: the overall maximum size and weight of Individual parts 

which can be delivered to orbit; the number of smaller Items available to 
assemble on any given flight; tne sequence of removal from the payload bay; the 
length and location cf electri -a) umbillcels and fluid lines (If required); the 
specific locations for mechanical attachments and the loads which they can 
accept; the overall strength requirements for packaging and packaged material; 
and the vibration environment to be withstood. Where dual use Is made of stow- 
age attachments as on-orblt stabilization attach points, there is a close 
interaction in detail design. Since everything used in or about the orbital 
construction site must be lifted and contained within the orblter. It follows 
that aach item selected (or omitted) for support services and basic vehicle 
( design will be influenced by this set of cspabilities to a greater or lesser 
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Figure 1.2-2. Typical Mat hod a for Large Space Construction - 
Characteristics and Shuttle Interface Concerns 
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degree. Therefore, many of the issues listed in Table 1.2-1 interact with this 
area of concern. However, the majority of the applicable constraints are dis- 
cussed In Section 3.0 of this document. 

1.2.5 What are the Pacing Construction Concerns ? 

Typical parameters of concern in large space construction include rates of 
construction (which may be paced by how fast the orbiter remote manipulator can 
transport and install items, and how many hours per day the crew can work) and 
limits of power demand on the orbiter (which can determine how many heaters, 
motors, and lights can be operating simultaneously). The total time available 
on orbit (as conditioned by stowage volume, crew cabin supplies, tank kits, 
etc.) and the sequence of equipment removal from the orbiter may be other 
related concerns. Such concerns help decide the degree of automation to be 
built into construction support equipment. The latter can also be affected by 
support systems for Shuttle crew extravehicular activity (EVA) which determine 
how many hours per day are actually useful for work. The applicable sections 
for these issues are listed in Table i.2-1. 

1.2.6 What Attitude Control is Required ? 

This area of concern has been considered among the most significant by 
contractors working in the field of large space construction. The major issues 
in design of large space structures relate to the orbiter capability and its 
impact on design and procedures. Clearly, the orbiter reaction control systems 
are needed to null rotation rates for beginning of construction activity, and 
for the orbiter approach during later revisit operations. The designer of 
large space structures must determine when and how to provide for stabilization 
of the spacecraft under construction by evaluation of orbiter constraints 
related to location of the joint orbiter/large space structure center of 
mass and the impact on delicate construction and servicing operations, etc. 

The major constraints are discussed in Section 4.2 of this document. 

1.2.7 What are the Configuration Constraints ? 

Once the orbiter payload bay doors are opened, there are certain major 
geometric limits affecting which directions one can extend a large space struc- 
ture. Among these are the orbiter tail, wing, payload bay doors /radiators and 
cabin, as described in Section 4.4.1 . Less obvious but real concerns include 
blockage of orbiter antennas, blocking of the radiators, obscuring of windows, 

TV cameras and lamps (noted in Sections 4.9, 4.11, and 4.13). Other specific 
details are related to such items as attach points on the payload bay longerons, 
crew safety slidewlre and handholds, OMS kits, airlocks, and docking ports 
(described in Sections 3.0 and 4.4.2). The limits of reach and articulation 
modes of the remote manipulator system (RMS, Section 4.5) may be a major influ- 
ence on design of large space construction projects. For example, in a recent 
Rockwell study [Roebuck (1980)], a space-fabricated structure concept devised 
for a large communications platform was configured as a long, narrow shape which 
permitted RMS reach to all points on the structure as it was constructed by 
translating it axially back and forth across the orbiter payload bay, above the 
RMS shoulder joint (Figure 1.2-3). 
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The foregoing discussion concludes the introduction of subject matter which 
is arranged according to issues viewed by the designer of large space structures. 
The remainder of the document is organized in terms of orbiter systems and 
emphasizes kinds of accommodations which are available in the orbiter for pay- 
loads, but with selected attention to those of special concern to designers of 
large space structures. 

1.3 SPACE SHUTTLE PAYLOAD ACCOMMODATIONS 

The Space Shuttle and its standard payload carriers are designed to accom- 
modate a wide range of payload missions. Figure 1.3-1 identifies those orbiter 
subsystems which may be used to support, directly or via carrier systems, space 
construction equipment, modules, and material stowage devices to be flown. 



Figure 1.3-1. Summary of Orbiter Payload Accommodations 

Table 1.3-1 provides a checklist of types of payload accommodations and 
cross-references to applicable paragraphs in this document where further inform- 
ation on constraints and guidelines may be found. 

The remote manipulator system, docking module, and payload retention system 
are 100% dedicated to payloads. Additional flexibility is gained with EVA capa- 
bilities and mission extension kits. Kits can augment crew support, orbiter 
propulsion, primary power supply energy, and heat rejection capability. Limits 
on power availability, heat rejection capability, c.g. requirements, etc., pre- 
sented here apply to the cargo, i.e., the total complement of payloads and 
associated hardware carried on a given flight. Provisions will be provided for 
trimming cargo c.g. and for managing and Isolating services provided to the 
payloads in order to minimize these concerns for payload design. 
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Table 1.3-1. Checklist: Orbiter Payload Accomodations Pertinent to 

Space Structures Design 


3.1, 5.1 


3.1, 5.1 


3.1, 5.1 


ACCOMMODATIONS AND 
. SERVICES 


( ) Payload bay volume 

( ) Control/display volume in crew 

cabin aft flight deck 


( ) Stowage volume in crew cabin for 

supplies, equipment 

( ) Seats and volume for additio nal 

passengers in crew cabin 


( ) Sleeping provisions for four 

crew members 


( ) OMS kit for added altitude, on- 

orbit maneuvering 


( ) Additional N 2 supply tanks for 

multiple repressurizations of 
airlock 

( ) Payload attachment bridge fit- 
tings and trunnion supports 


( ) Payload attachment keel fittings 

and supports 


( ) Electrical power/connection point j 3.8.1 


TYPICAL IMPLICATIONS FOR 
LARGE SPACE STRUCTURES 
SECTION NO. DESIGN AND SUPPORT EQUIP. 


Limits package volume 

Constrains area and types 
of controls and displays 
for cabin crew control 
of construction 


3.1.1 


( ) Standard mixed cargo harness 

(SMCH) 


3.8.1 


Constrains crew on-orbit 
time or number of crew 

Potential for added 
construction crew 
specialists 

Constrains number sleep- 
ing simultaneously, may 
dictate multi-shift 
operations for large 
crew 

Constrains payload bay 

volume usage, increases 
altitude and payload 
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Reduces payload, may 
require added develop- 
ment coats 

Recommended specific 
attach points for all 
mission phases 

Possible attach points 
for all mission phases, 
primarily for ascent and 
descent, limited locations 

Affects electrical 
harness design 

Standard payload elec- 
trical power & signal 
attach method 
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Table 1*3-1. Checklist: Orbiter Payload Accommodations Pertinent to 


Large Space Structures Design (Cont.) 


ACCOMMODATIONS AND 
SERVICES 

SECTION NO. 

TYPICAL IMPLICATIONS FOR 
LARGE SPACE STRUCTURES 
DESIGN AND SUPPORT EQUIP. 

( ) Hard points for attaching elec- 

trical and fluid lines in pay- 
load bay 

3.8 

Affects routing of elec- 
trical harness, fluid 
lines 

( ) Electrical signal and data/line 

connection points 

3.8.2 

Affects control capa- 
bility of space construc- 
tion 

( ) Thermal control/fluid connections 

in payload bay 

3.9 

Potential means to cool/ 
heat construction equip- 
ment 

( ) Payload vents (8) in payload 

bay 

2.6, 

4.14.2 

No identified design 
constraints 

( ) Propellant 'dump 

3.10 

Operational safety pro- 
visions 

( ) Water dump 

4.14 

Contamination source 

( ) Contamination control 

4.14 

Facilitates mission 
success 

( ) Docking and berthing capability 

4.1 

Design of berthing/ 
docking port, structure 
clearance 

( ) Attitude control 

4.2 

Impacts space structure 
loads, lighting and 
vision 

( ) On-orbit equipment supports 

4.4.2 

Affects design of 
construction fixtures 

( ) Payload handling equipment and 

methods 

4.4.4 
4.5. to 
4.8 

Impacts design of struc- 
ture (reach, clearances, 
attach points 

( ) Remote manipulator system 

(IMS) 

4.5 

4.8. 2.1 

Location of structure 
within reach of RMS; 
major payload handling 
device 




Table 1.3*1. Checklist: Orblter Payload Accommodations Pertinent to 

Large Space Structures Design (Cont.) 


ACCOMMODATIONS AND 
SERVICES 

SECTION NO. 

TYPICAL IMPLICATIONS FOR 
URGE SPACE STRUCTURES 
DESIGN AND SUPPORT EQUIP. 

( ) Manned maneuvering unit (MMU) 

stowage and support provisions 

4.4.4 
4. 8.2. 3 

Defines capability for 
EVA Inspection, trans- 
port of small objects, 
manual assembly opera- 
tions 

( ) Extravehicular maneuvering unit 

(EMU— space suit) and stowage/support 
provisions; normally two units for 
EVA 

4.4.4 
4. 8.1. 6 

Defines capabilities for 
manual operations In EVA 
mode 

( ) Communications for EVA 

4. 8. 1.7 

Affects operations 
planning and electronics 
support 

( ) Airlock (two-man capacity), 

tunnel adapter, docking module 

4. 8. 1.1 

4. 8.1.2 

4. 8. 1.3 

Provides for EVA 
Defines Impact on 
breathing gas consum- 
ables 

( ) Handholds, safety tethers In 

payload bay for EVA 

4. 8. 1.5 

Assists EVA In area of 
payload bay; safety 
feature 

( ) TV cameras In payload bay, RMS 

4.9.3 

Useful for monitoring 
apace construction, 
deployoept and 
retrieval or payloads 

( ) Lights In payload bay 

( ) Docking light 

4.9.2 | 

Assists construction on 
dark side of orbit 

/ \ Crew optical alignment sight 

( } (COAS) 

4.9.4 

Assist berthlng/docklng 

( ) Payload viewing windows— aft 

flight deck, overhead 

4.9.4 

Provides crew view of 
some construction oper- 
ations 

( ) Electrical power and energy 

storage for payloads 

4.10 

Defines capability for 
power usage for machin- 
ery and total energy 
needed for construction, 
lighting, etc., may 
affect payload bay 
volume (extra cryo 
tanks) 
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Table 1.3-1. Checklist: Orbiter Payload Accoemodations Pertinent to 

Large Space Structures Design (Cont.) 


ACCOMMODATIONS ANO 
SERVICES 

SECTION NO. 

TYPICAL IMPLICATIONS FOR 
URGE SPACE STRUCTURES 
DESIGN AND SUPPORT EQUIP. 

( ) Consnunicationa, tracking, and 

data management 

4.11 

Impacts antenna loca- 
tions, equipment 
requirements 

( ) Data processing and software 

4.12 

Impacts design of data 
handling equipment, 
software 

( ) Heat rejection from payloads 

4.13 

Defines capability for 
payloads to reject heat 
through orbiter, physical 
interfaces for design 

( ) Crew cabin accommodation 

(general) and supplies 

5.1 

Provides habitability 
for crew and work sta- 
tion in shirtsleeve 
cabin for remote 
control equipment 

( ) STS ground handling accommoda- 

tions and equipment 

6.0 

Provides for stowage on 
ground, ground transport 
and payload installation 
into orbiter; affects 
design of hardpoints for 
handling payload turn- 
around time. 
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Payloads may be designed to interface directly with orbiter hardware or 
with an STS carrier. The environments seen, services available, and STS fees 
for carrier-mounted payloads depend upon the carrier as well as the Shuttle. 

Sections 2.0 through 5.0 describe selected payload environments and support 
capabilities, constraints, and guidelines where payloads are taken to Interface 
directly with the Shuttle. Therefore, the information applies most directly to 
carr ^ ers with their integrated payloads and directly mounted payloads. 


1.3.1 S£andar£^hu£tle_^ervijces 

The following list briefly outlines the standard Shuttle services avail- 
able for the basic flight cost. (NASA 1977 (c)) f Attachment B (NMI 8610.8)) 

• Two standard mission destinations: 

1. 160 nmi altitude; 28.5* inclination 

2. 160 nmi altitude; 56.0* inclination 

• One-day mission operations 

• Orbiter flight planning services 

• Transmission of payload data to compatible 
receiving stations 

• A three-man flight crew 

• On-orbit payload handling 

• Deployment of a free flyer 

• NASA support of payload design reviews 

• Fre launch payload installation, verification and 
orbiter compatibility testing 

• NASA payload safety review 

1.3.2 Optional Shuttle Services 

The following list indicates additional services available to Shuttle 
users at extra cost. (NASA 1977 (c)), Attachment B (NMI 8610.8)) 

• Revisit and retrieval 

® Use of Spacelab or other special equipment 

• Use of Mission Kits to extend basic orbiter capability 

• Use of Upper Stages 

• EVA services 

• Unique payload/orbiter integration and test 

• Payload mission planning services, other than for launch, 
deployment and entry phases 

• Additional time on-orbit 
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Payload data processing 
Launch from Western Test Range 

- Two standard mission destinations are available from the 
Western Test Range site: 

1. 160 nmi altitude; 90.0* inclination 

2. 160 nmi altitude; 104.0* inclination 

1.4 DESIGN IN RELATION TO PAYLOAD INTEGRATION PROCESS 

The Space Shuttle Orbiter is sometimes referred to as a "space truck", 
which implies that its major function is simply transportation of a relatively 
inert, separate cargo. However, the realities of space travel complexity are 
such that a great many payloads carried in the orbiter become intimately linked 
to the orbiter payload accommodation system in a symbiotic fashion in order to 
function effectively and safely. The process of assuring payload compatibility 
with orbiter systems and checking that the necessary links between orbiter and 
payload will match and function properly is called "Payload Integration." 

1.4.1 Planning for Variety of Orbiter Roles 

Payload Integration is a major consideration in space construction. Design 
of a large space construction project envisages use of the orbiter in many roles. 
For example, it say act as a stabilizing device, as construction crew living 
quarters, as a power plant, as a thermal conditioning system, as a communications 
station, as a portable illumination stand, and as a spac»i "crane" for handling 
large equipment. Therefore, there are many Shuttle payload integration issues 
involved in space construction, just as there are in most sortie experiments or 
satellite launch and retrieval missions. "Dedicated" construction flights will 
have (normally) inert cargos which should enable factory-to-pad processing without 
intermediate payload testing. Mixed cargos will, of course, require integration 
and test as dictated by other cargo elements* 

1.4.2 Process 


NASA has established procedures and reviews for the Shuttle payload integra- 
tion process. These arc indicated in Figure 1.4-1. Further discussion witn 
NASA concerning administrative procedures and related engineering support efforts 
is encouraged before extensive design efforts are begun, since the results could 
affect project schedules, costs and ultimately, the constructed spacecraft design. 

1.4.3 General System Safety Considerations 

Many of the payload integration reviews involve the subject of safety for 
all phases of STS operations. The basic policy and requirements for Shuttle 
safety are contained in NASA document NHB 1700.7 and its subsidiary documents 
(see NASA 1979 in Bibliography). Such generally applicable requirements are 
not included as special constraints or guidelines in this document unless there 
are major new, unusual applications or key issues specifically involved in large 
space structures design. Such concerns appear in Sections 4.3, 4.8 and 3.0. 
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Figure 1.4-1. Payload Integration Process 









2.0 SHUTTLE FLIGHT CONSTRAINTS ON LARGE SPACE STRUCTURES DESIGN 

Table 2.0*1 lists significant Shuttle flight-related considerations affect- 
ing selection of construction orbit altitude and inclinstion#mission time line a, 
pressures and loads on Shuttle cargoes. Unless otherwise noted, essentially 
circular orbits ere assumed in order to minimise on-orbit dreg ef facta. These 
constreints/cepebilities end consequent guidelines era considered in Sections 
2.1 through 2.7. 1 

Table 2.0-1. Potential Shuttle-Related Effects 
on Construction Orbit Selection 


ORBIT SELECTION CONSIDERATION 

TYPICAL SHUTTLE CONSTRAINTS ON ORBIT 

ORBIT OECAY DUE TO AEROOYNAHIC 
DRAG 

• DRAG OP ORB ITER 

• COMBINED DRAG AND WEIGHT FOR 
ORBITER AND CONSTRUCTION PROJECT 

• ORBITER TURNAROUND VS. CONSTRUCTION 
ORBIT DECAY TIME AND MAKEUP REQUIRE- 
MENTS 

IONIZING RADIATION ENVIRONMENT 
REQUIREMENTS 

• CREW SELECTION 

• SHIELDING 

. EVA 0URATI0N 

• CREW DOSAGE WHILE WITHIN CABIN IS 
FUNCTION OF ALTITUDE, INCLINATION, 
AND OURATION 

• CREW DOSAGE DURING EVA: FUNCTION 

OF ALTITUDE, INCLINATION, OURATION, 
AND SUIT MATERIALS 

SHUTTLE PERFORMANCE (INCLUDES 
BOOSTERS, EXTERNAL TANKS, 

ORB ITER ENGINE) 

• ALLOWABLE LIFTOFF WEIGHT 

• ALTITUDE VS. WEIGHT WITH AND 
WITHOUT OMS KITS* 

• CENTER OF MASS OF CARGO 

• VOLUME LIMITATION OF OMS KIT(S) , 
UNDERLINER STOWAGE SPACE 

• TIME TO ATTAIN ORBITAL CONDITIONS, 
OPEN DOORS, AND BEGIN CONSTRUCTION 

*0MS - ORBITAL MANEUVERING SYSTEM 


The Shuttle ascent also Imposes physical, environmental constraints on 
the crew and on design of construction equipment, materials, and their support 
systems (e.g., cradles, pellets) within the orblter. Although related to 
Shuttle performance, these constraints ere relatively independent of construc- 
tion orbit altitude. Examples include acceleration loads, vibration loads, 
pressure changes, and thermal changes. Such constraints are discussed under 

1 "Caution : Not a control document 1 See appropriate reference 
documents for current date." 
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Sections 2.3.2 and 3.0 (Payload Accommodations). Pralaunch operations are dis- 
cussed in conjunction with Shuttle ground operations constraints (Section 6 . 0 ). 
Deorbit and descent phases of orbiter operation also impose constraints and 
guidelines which are Included in Section 2.4 (and 3.0, as regards attachment 
loads). 

2.1 ORBIT DECAY 

One of the main concerns in selecting the orbit altitude for space construc- 
tion is orbit decay. Large area space systems now made possible by construction 
in space using the Shuttle need only to be sized for very small forces and loads 
and, hence, are typically very low in density. Therefore, they tend to have a 
very low ballistic coefficient (W/CqA) which can result in relatively high rates 
of orbit decay. This high decay rate is primarily a function of the space con- 
struction project design, which is only indirectly Influenced by specific Shuttle 
constraints. However, there is a small number of Shuttle-related concerns, which 
are reflected in Tables 2.1-1 and 2.1-2. 

To estimate the combined effects of construction project and orbiter on 
decay time, ballistic coefficients are calculated for different area/weight 
features through the construction process. These are combined to form a "drag 
profile" representing the overall construction process, including periods with 
and without the orbiter. liepr^sentatlve values for the orbiter are shown in 
Figure 2.1-1. However, each project will have specific weight and drag consid- 
erations according to the supplies carried, type of construction, range of 

attitudes on orbit, etc. 

• 

2.2 RADIATION ENVIRONMENT IMPACTS 

The natural radiation environment is another factor which could potentially 
affect orbit altitudes for space construction. Of particular concern is the 
increased exposure during EVA activity and the possible need for designing auto- 
mated construction techniques and processes which minimize the use of manned EVA 
participation. The Shuttle orbiter cabin and the standard Shuttle pressure suit 
both enter into the calculation of crew dosage rates by virtue of their respec- 
tive mass distribution, which provides a degree of radlatiou shielding. 

Table 2.2-1 lists pertinent Shuttle-related constraints and guidelines. Further 
explanation of the radiation hazard and results of analytical studies which dic- 
tate limits to orbital altitude for various EVA cases are presented in the 
subsequent paragraphs. 

For 28* inclination circular orbits, only Van Allen belt electrons and 
protons are significant. Solar flare particles are excluded by the geometric 
field (cutoff energies >3 CeV) and galactic (cosmic ray) particles contribute 
<10~ 2 rad/day independent of shielding (for <100 gm/cm ). In the absence of 
man-made nuclear radiation, therefore, only the Van Allen belts need be 
considered. 

The Space Shuttle orbiter has an effective shield thickness for the crew 
of gm/cm 2 . Thus, the cutoff energies are -50 MeV for protons and -5 MeV 
for electrons. For EVA operation the typical space suit provides -0.2 ga/ca 2 
effective shielding, which has cutoff energies of -11 MeV (protons) and 
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Table 2.1-1. Checklist: Shuttle Constraints on Orbit Altitude Selection 
Related to Orbit Decay 


( ) CONSTRAINTS /•QUALIFICATIONS 


( ) Altitude during nou-tended node la high enough 

to naintain viable orbit during estimated 

orblter turnaround tlae (one month minimum) . 

(R-4) 

* Consider launch site 

* Consider inclination 

* Average velght/drag ratio? 

* Does untended construction project have 
orbit makeup, guidance, and control 
capability? 

* Consider additional orbiter to reduce 
turnaround time. 




IMPLICATIONS 


Rockwell, 1979 (a): 
SSD 79-0123 


* Potential Impact on 
orientation of 
large epace struc- 
ture to control 
drag and on weight 
Ilf table to orbit 
selected. 

• Dedicated orblter is 

assumed* 


( ) Altitude during orb iter- tended construction 

phases is high enough to avoid excessive 
makeup thrust fuel requirement in orblter. 

(R-4) 


Rockwell, 1979 (a): 
SSD 79-0123 


• Potential Impact on 
orientation of 
space structure, 
weight Ilf table to 
orbit and syatem 
complexity 


) Trades of orientation to control drag va. 
orbit makeup and high construction orbits 
are required to optimize the construction 
altitude for each project system. 

(R-4) 


Rockwell, 1979 (a): 
SSD 79-0123 
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Table 2.1-2. Checklist: Guidelines for Selecting Orbit Altitude/ 

Inclination for Space Construction 


( ) GUIDELINES/* QUALIFICATIONS 


REFERENCES 


ICUINVIM’W 


Within constraints of the requirements for 
Orbit decay prevention, altitudes for space 
construction should be as low as feasible 
to maximize weight which can be lifted to 
orbit. (R-4) 


Rockwell. 1979 (a); 
SSD 79-0123 


) Large projects Involving multiple Shuttle 
flights will likely require OHS kits to 
meet the minimum altitude limits for orbit 
decay. 

* Attitude control to minimize drag effects 
can significantly reduce minimum altitude 
limits for space construction, possibly 
to the point where OMS kits are not 
required. (R-4) 


Rockwell. 1979 (a): 
SSD 79-0123 


) Avoid deployment of solar arrays and other 
large-area devices which can create high 
drag until required for orbital operations. 

(R-4) 


Rockwell. 1979 (a): 
SSD 79-0123 


( ) An altitude range of 450-300 km (250-275 nml) 

appears satisfactory for use in Initial anal- 
yses of moat projects. (R-4) 


Rockwell. 1979 (a): 
SSD 79-0123 





Acceleration, cm/sec 











Altitude, n. mi. 


1 I | | | | 

200 400 600 800 1000 1200 


Altitude, km 

Figure 2*1-1* Basic Data for Orbiter Ballistic Coefficients 

(and associated effects of atmospheric drag on orbiter) 
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Table 2.2-1. Checklist: Shuttle Constraints and Guidelines Involving 

Ionizing Radiation Effects on Orbit Selection 


, 4 REFERENCES 

{ ) CONSTRAINTS IMPLICATIONS 


( ) The Space Shuttle orbiter cabin has an effec- 

tive shield thickness of approximately 


3 gm/cm for ionizing radiation. 


(R-l) 


Rockwell, 1979 (a): 
SSD 79-0123 


* Orbit altitude 
and duration 

* Crew selection 


( ) The estimated effective radiation shielding 

for the EMU (space suit) is approximately 
0.2 gm/cm 2 . (R-3) 


Rockwell, 1979 (a): 
SSD 79-0123 


* Orbit altitude 

* EVA duration 


( ) GUIDELINES 


) Ionizing radiation is unlikely to be a serious 
limit on orbit altitude or inclination for 
space construction using the orbiter as a 
base. For construction orbit altitudes below 
500 km (275 nmi), more than 100 EVA construc- 
tion missions could be flown within career 
dosage limits. Radiation altitude limits are 
significantly above the limits due to orbit 
decay. (R-3) 


Ionizing radiation 
is generally not a 
constraint 








■“0.45 MeV (electrons). The particle fluxes of interest are those with ener- 
gies above these cutoff energies. 

Calculations have been carried out to obtain the Van Allen particle fluxes 
and tissue dose rates as a function of altitude for 28° inclination circular 
orbits. The SREP computer code (Hamilton, 1974) was used to calculate the daily 
electron and proton fluxes, with the flux-to-tissue dose conversions being 
accomplished by hand calculations. The results obtained were tissue doses 
for 0.2 and 3 gm/ca 2 shielding as functions of altitude. 

The Van Allen belt skin dose rates as a function of altitude are shown 
in Figure 2.2-1 for two shielding thicknesses— 0. 2 gm/cm 2 and 3 gm/cm 2 . These 
are daily averages for circular orbits with an inclination of 28*. At the 
altitudes of interest (£1000 km) most of these doses will be received in the 
South Atlantic anomaly. Since the spacecraft passes through this anomaly only 
3 to 7 orbits per day, depending upon altitude, it may be possible to schedule 
short-term (£6 hr) EVA during the orbits when the South Atlantic anomaly will 
not be encountered. No account of this effect (which is not important above 
-1000 km altitude) was taken in this analysis. 

While there are no "official" radiation dose limits for astronaut, the 
National Academy of Sciences recommendations are often used for mission anal- 
ysis studies. These recommendations, listed in Table 2.2-2 were used on this 
study. For small shield thicknesses (e.g., an EVA suit) the skin dose limits 
are the overriding factor, but for large shield thicknesses usually the bone 
marrow dose limits determine the mission limit (duration or altitude) . The 
tissue dose rates for the skin, eyes, and bone marrow are shown in 
Figure 2.2-2. 

In order to estimate the maximum altitude for the 7-, 10-, and 30-day 
missions, the 30-day dose limits of Table 2.2-2 were used. These are 75 rad 
(skin), 37 rad (eyes), and 25 rad (bone marrow). The numbers used to estimate 
maximum altitude for astronauts in the Shuttle orbiter cabin are listed in 
Table 2.2-3. The first part of the table lists the allowable dose rates 
(rad/day) permitted for the bone marrow, skin, and eyes. These numbers are 
merely the 25, 75, and 37 rad limits from Table 2.2-2 divided by the mission 
durations. The second part of the table lists the altitudes from Figure 
2.2-2 for the dose rates in the top part of the table. It is seen that bone 
marrow is the limiting organ for all three mission durations. 

The corresponding numbers for EVA are listed in Table 2.2-4, except only 
the skin was used since it will be the limiting factor inside the 0.2 gm/cm 2 
EVA suit. If continuous (24 hr/day) EVA were necessary, the maximum altitudes 
(read from the top curve of Figure 2.2-1) vary from 800 km (7 days) to 430 km 
(30 days). However, by limiting EVA to 6 hr/day, the maximum altitudes can be 
increased to 1030 km (7-day missions) to 680 km (30-day missions). The numbers 
will be decreased somewhat to allow for the radiation doses received from the 
18 hr/day when the astronauts are inside the cabin. 

For example, on a 10-day mission, the astronaut will spend 2.5 days of EVA 
at a skin dose rate of -10X and 7.5 days inside the cabin at a bone marrow dose 
rate of -“X. The total dose will be -32. 5X to the skin and -10X to the bone 
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SKIN OOSC RATC -(RADS/tVkY) 




Table 2.2-2. Bee 


nded AaCronaut Dose Limits 


• 

Dose 

Limit (rad) 



Bone Marrow 

Skin 

Eyes 

Mission Duration 

(5 cm depth) (0 

.1 mm depth) 

(3 mm depth) 

30 days 

25 

75 

37 

90 days 

35 

105 

52 

180 days 

70 

210 

104 

1 year 

75 ^ 

225 

112 

Career limit 

400 

1200 

600 



Figure 2*2-2. Tissue Dose Rates in the Van Allen Belts 
(Behind 3 gm/cm^ Shielding) 
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Table 2.2-3. Maximum Altitude for Astronauts Inside the Orbiter 


Mission Duration 

Bone Marrow 

Skin 

Eyes 

(days) 




7 

3.57 

10.7 

5.29 

10 

2.50 

7.5 

3.7 

30 

0.833 

2.5 

1.23 

Mission Duration 

Maximum Altitude 

inside 

Orbiter (km) 

(days) 

Bone Marrow 

Skin 

Eyes 

7 

1000 

1230 

1060 

10 

920 

1130 

970 

30 

680 

860 

730 


Table 2.2-4. Maximum Altitudes for EVA Operation 


Mission 

Allowable 

Maximum Continuous 


Duration 

Skin Dose Rate 

EVA Altitude 


(days) 

(rad/day) 

(km) 


7 

10.7 

710 


10 

7.5 

620 


30 

2.5 

430 


Mission 

EVA 

Allowable Skin 

Maximum 

Duration 

Duration 

Dose Rate 

EVA Altitude 

(days) 

(days) 

(rad/day) 

(km) 

7 • 

1.75 

43 

940 

10 

2.5 

30 

860 

30 

7.5 

10 

620 


marrow. (The bone marrow dose rate is approximate 1 / the same for EVA and cabin 
occupancy.) 'Therefore the value of X for the skin is 75/32.5 ■ '■2.3, so that 
the EVA skin dose rate should be “23 rad/day and the in-cabin dose rate to the 
bone marrow should be '2.3 rad/day. These numbers lead to an EVA altitude of 
'860 km (from Figure 2.2-1) and an in-cabin altitude of 900 km (from Figure 
2.2-2). To check, if the orbit altitude is the smaller of the two numbers 
(860 km), the skin dose rate will be 23 rad/day * 2.5 days • 57.5 rad during 
EVA and 2.5 rad/day * 7.5 days * 18.7 rad during cabin occupancy (total 76.2 
rad, slightly above the 75 rad allowed). The bone marrow dose will be -2 rad/ 
day * 10 days * 20 rad, less than the 25 rad allowed. This 860-km altitude is 
less than the 930 km allowed (on the basis of the EVA alone) or the 920 km 
allowed on the basis of cabin occupancy alone. 
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In this way (by iteration), the maximum altitudes for 7-, 10-, and 30-dav 
missions with 25 % EVA and 75% cabin (Shuttle orbiter) occupancy were calculated 
to be 940, 860, and 620 km, respectively. These are high enough that atmospheric 
drag will not unduly limit orbit lifetime. It is possible to increase the orbit 
altitudes somewhat by using a heavier space suit, but the difficulty of working 
in a heavier suit outweighs the slight orbit altitude increase. For example, 
increasing the EVA suit to 3 gm/cm 2 (the same shielding as the orbiter provides) 
would only increase the orbit altitude permitted by -100 km. 

If the orbit inclination were decreased to 0*, the environment decreases 
for orbit altitudes £900 km but increases for altitudes of £900 km (Figure 
2.2-3). The effect of other orbit inclinations can also be seen. In the low 
altitude region of interest for space construction, the 30- to 60-degree orbit 
inclination band has the most severe radiation environment (due to the South 
Atlantic anomaly). Thus, the EVA altitude limits defined in the preceding 
tables are applicable to all orbit Inclinations and, in fact, offer higher 
dose margins in the equatorial and solar inclination regions. 



figure 2.2-3. Effect of Orbit Inclination on EVA Skin Doae 
(0.2 gm/cm 2 Shielding) 
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2.3 SHUTTLE PERFORMANCE 


In addition to orbit decay and radiation hazard. Shuttle delivery perform- 
ance i3 a major constraint which must be considered in selecting suitable orbit 
altitudes for space construction and in planning mission schedules and consum- 
ables. The Shuttle weight lifting capabilities are considered first. 

2.3.1 Shuttle Payload Weight Constraints 

Shuttle cargo weight limits to circular orbits are defined in Section 

3.1.1 of Volume XIV, JSC 07700 (NASA 1980(a)). They are described by means 
of a series of graphs relating cargo weight to launch site and desired orbit 
altitude at selected orbit inclinations. At the time of this writing a set 
of revisions to these charts was being processed (Hurrah, 1980). These revi- 
sions show that the maximum weight which the Shuttle can lift to orbit will 
vary according to planned changes in orbiter capability between 1982 and 1985. 
Figures 2.3-1 through 2.3-4 are the performance graphs relating orbiter weight 
lifting capability to launch site, circular orbit altitude and number of OMS 
kits provided, as described in the foregoing reference (Murrah, 1980). 

However, Figure 2.3-4 also includes superimposed graphical representations 
of upper and lower limits of radiation hazards and drag effects which were pre- 
viously described. Radiation hazard bounds are shown for both EVA and the 
orbiter crew cabin. Two limits for minimum altitude due to orbit decay are 
also shown. One corresponds to the higher decay rates associated with random 
unconstrained orientations and the other (lower limit 370 km) reflects low 
decay rates associated with orientation continuously constrained to maintain 
minimum drag valles. The region between the "radiation" and "orbit decay" 
limits wolld be suitable for space construction. 

This region tends to be centered on that portion of the Shuttle perform- 
ance envelope which requires the inclusion of a single OMS kit. Thus, many 
construction payloads, depending upon packaging characteristics, would require 
the use of OMS. This would be particularly true for high drag configurations. 

The intrusion of the OMS kit into the available cargo bay volume must, there- 
fore, be considered in planning construction cargo manifests. Lower drag 
configurations might possibly be constructed at low enough altitudes that some 
of the construction flights, those with cargoes that are "volume limited", 
could be performed without the need for OMS. (Experience has indicated con- 
struction mission payloads tend to be volume- limited rather than weight-limited.) 
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CDOLM «MTA ATIUK. « 

Figure 2.3-1* Hear Term (Pre 1985) Cargo Weight Versus Circular Orbital 
Altitude - VAFB Launch, Delivery Only 


( I 



Figure 2.3-2. Hear Term (Pre 1985) Cargo Weight Versus Circular Orbital 
Altitude - KSC Launch, Delivery Only 
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Figure 2.3-3. Typical Mission Ascent Trajectory Data 

Table 2.3-2. Checklist: Shuttle Constraints Related to Ascent 

Acceleration History 


) CONSTRAINTS /• QUALIFICATIONS 


} All space construction equipment and 

a* t trials shall be supported P* c ** g ; d 
or inherently strong enough to "* th ***? d 
ascent acceleration loads of at lcm J t8 
plus combined loads of vibration and con-^ 

trol forces. ^ 

. See also. Sections 3.5 and 3.6 for 
further information on loads. 

) Orbiter crew and passengers. inc ^ d ^ 8 ^° n " 
struction crews for large space 

.tall ta «ubj«ct«d to .««« •ee.l.r.tloo 

load, not in «xc«»» ol 3 , whll» 1” » 
semi-supine position. 

. For eost healthy individuals, this is an 
acceptable acceleration stress level. 
However, crew selection screening should 
consider the biomedical implications of 
the total acceleration history and the 
directions in which it acts on the human 

body. 


nifflEiHTTrmi 


NASA, 1980 (a): 

JSC 07700. Vol. XIV 


Affects strength of 
materials, packaging, 
support equipment 
design 


NASA, 1980 (a): 

JSC 07700 . Vol. XIY 


Affects crew selec- 
tion for space 
construction. 
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(with phasing) may be a significant portion of this duration. Anothar concarn i* 
tha duration which cartain kinds of equipment ara placad in a storaga nods. Such 
itana as battarias, cryoganic fual tanka, and cartain thermally sanaitiva equip- 
ment may fall into this category. 


Two types of ascent conditions may be necessary for space construction: 
direct and with rendezvous. Tha direct mode is associated with the first of 
a series. Subsequent flights will be required to rendezvous with the construc- 
tion project. Each launch and ascent is a unique event with durations deter- 
mined by payload, time of launch, and orbit parameters. However, some specific 
limits and probable boundaries can be defined for purposes of this document. 
Such constraints and guidelines are presented in Table 2.3-3. 

2. 3. 3.1 Reference Ascent Profile with Rendezvous 

A typical profile timeline for a rendezvous mission with an arbitrary 
12-hour phasing is presented in Table 2.3-4. A detailed description of the 
activity in each phase is presented below. 


PHASE START C.E.T. PHASE DURA TION 
HR MIN. SEC HR MIN. SEC 

1. ASCENT TO INSERTION 00 00 00 00 09 55 

The Shuttle launch is assumed to occur from KSC on an azimuth of 90°. 

The orbiter is launched into an initial orbit of 93' 182 kn with an inclina- 
tion of 28.5 degrees. Solid rocket booster (SRB) staging is performed at 
00:02:05 C.E.T. at an altitude of approximately 140,000 feet. The SRB is 
jettisoned to impact into the Atlantic Ocean approximately 117 nmi down range. 
Ascent of the mated orbiter/ET continues to main engine cutoff (MEC0) at 
00:08:04 C.E.T. The ET separation sequence requires 45 seconds from MECO to 
OMS Ignition. The sequence consists of opening the forward RCS doors, acti- 
vation of all thrusters, structural/plumbing/electrical orbiter/ET tie 
releases, translation of the orbiter away from the ET by means >f an 8-fps 
RCS -Z , AV, a delta pitch maneuver, and OMS ignition. The dual QMS hum is 
of 44 seconds duration, sufficient to insert the orbiter into a y.J*182 km 
orbit at 00:09:55 C.E.T. 

PHASE START C.E.T. PHASE DURATION 



HR 

MIN. 

SEC 

HR 

MIN. 

SEC 

2. COAST TO APOGEE 

00 

09 

55 

00 

14 

23 


Main engine propellants trapped in the orbiter lines after ET separation 
are dumped— L0X first and then EH;— commencing shortly after OMS insertion 
burn ignition. Dumping, purging, and vacuum inerting the lines require 
300 seconds. After the main valves have been closed, the API"* ire shut down 
at 00:13:24 C.E.T. Tha star trackar doors ara opened immediately after complet- 
ing clearing of tha main propulsion system (UPS) lines. 
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Table 2.3-3. Checklist: Shuttle Constraints on Ascent Duration 

(With Rendezvous) 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 

IMPLICATIONS 


The Space Shuttle trajectory is optimized for 
intact abort capability. This provides an 
abort-once-around (AOA) capability at the 
tine the return-to-launch-site (RTLS) capa- 
bility is lost. (R-l) 


Rockwell, 1980 (a) 
SSD 80-0038 


(Sec also defini- 
tions in Section 
2.5) 


As part of tb- nominal mission profile 
mission, the orbiter is always initially 
injected into a 93*182-ka elliptical orbit. 
At the apogee of this orbit, an OMS circu- 
l* r isetion burn is performed to place the 
orbiter in a more stable 182-km circular 
orbit. Any necessary phasing and orbiter 
checkout with ground stations are performed 
at this altitude. (R-l) 


Rockwell, 1980 (a) 
SSD 80-0038 


Affects timeline 
planning 


( ) Phasing requirements depend on mission 

geometry at launch and on the target orbit 
altitude. (R-l) 

• See Figure 2.3-4 for the worst-case 
geometry conditions (maximum phasing 


Considerably shorter phasing times are 
likely for average conditions. 


Rockwell, 1980 (a;: 
SSD 80-0038 


Affects timeliue 
planning 


( ) After completion of necessary phasing and/ 

or checkout of the orbiter, a go-ahead is 
given to proceed to the mission altitude. 

(R-l) 

* This ascent scenario docs not preclude 
missions where direct ascent-to-mission 
altitude is performed without going 
through the intermediate 162-ka circular 
parking orbit. Such missions obviously 
shorten the time from liftoff to inser- 
tion in the mission orbit, but affect the 
mission planning analysis only in a 
superficial manner. 


Rockwell, 1980 (a): 
SSD 80-0038 


Affects mission 
planning 



TOTAL PHASING TIME (HOURS) 


PHASING ORBIT ALTITUDE - 100 NM1 



Figure 2.3-6. Total Maximum Phasing Time 
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Table 2.3-4. Mission Ascent Timeline 

(Rendezvous with 12-hr Phasing) 


MISSION PHASE 
SCI PHASE 

SPENT /OPERATION 


• POWERED ASCENT 
MATED ASCENT 

liftoff 

CLEAR LAUNCH TOWER 



00 00 00 
00 OG OS 


00 OO 00 
00 00 00 


REMARKS a comchts 


PERFORM PITCH PROGRAM (TRAJ. SHAPING) 
MAXIMUM DYNAMIC PRESSCTX 

hater boiler activation 


SIB TAILOFP 

srb-orbiter/et separation 
BEGIN ORBITER TVC 
INITIATE SRB STAGINC SEQUENCE 
SRB JETTISON 

ORBITER/ET ASCENT 
VERITY ENGINE THRUST 
REACH 3C 

ORBITER MAIN ENGINE CUTOPP (KECO) 

ORB I TER -ET SEPARATION 
OPEN rORWARD RCS COVERS 
ET STRUCTCUAL RELEASE 
PERFORM RCS SEPARATION ELEV 
ORBITER MANEUVER (RCS) TO OMS BURN 
ATTITUDE AND COAST 

• INITIAL ORBIT INSERTION 
PERFORM OMS BURN 
PERFORM MPS 102 DUMP 
OMIT INSERTION-OMS SHUTDOWN 


00 00 OS 
00 00 54 
00 01 45 


00 01 53 


00 02 00 
00 02 03 
00 02 05 


00 02 06 
00 07 13 
00 OB 04 


00 08 04 
00 08 26 
00 08 26 

00 08 34 


00 08 49 
00 08 59 
00 09 55 


00 00 10 
00 00 00 
00 00 00 


00 00 05 


00 00 00 
00 00 00 
00 00 00 


00 00 04 
00 00 00 
00 00 00 


00 00 22 
00 00 00 
00 00 08 

00 00 15 


00 01 06 
00 02 30 
00 00 00 


30 ka ALTITUDE- 
UP TO THIS POINT 
NC ACTIVE COOLANT i 
LOOP 


INSERTION ORBIT IS 
50 s 100 N .MI 

93 x 182 Ha 


•COAST TO APOCEE 

DISARM OMS— VERIFY ORBIT INSERTION 
PARAMETERS 

SELECT ORBITAL RATE XDE 

PURGE MPS ENCINE 

PERFORM MPS LH2 DUMP 

VERIFY KPS DUMP COMPLETE 

SECURE MPS ENCINE 

POSITION MPS ENCINE FOR DEORBIT 

DEACTIVATE APU'S 

ACTIVATE PAYLOAD MONITORING AND 
CONTROL FUNCTION 


00 09 55 
00 10 10 
00 11 39 
00 11 49 
00 12 29 
00 12 39 
00 12 54 
00 13 24 


00 14 01 


00 00 15 
00 00 10 
00 00 10 
00 00 to 
00 00 10 
00 00 15 
00 00 30 
00 00 15 


00 00 30 
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Table 2*3-4* Mission Ascent Timeline (Cent.) 

(Rendezvous with 12-hr Phasing) 


MISSION PHASE 

soimsK 

MISSION 

6.E.T. 

DURATION 

REMARKS 4 C0M1ENTS 

event/operation 




INITIALIZE STAR TRACXERS 

00 14*30 

00 00 10 


SELECT VIDE DEADBAND 

00 14:40 

00 00 10 

3.0 DEG. DEADBAND 

ORIENT TO TARCET STAR FIELD 

00 13:00 

00 03 00 


PERFORM IMJ ALIGNMENT 

00 IB:00 

00 15 00 


• CIRCULARIZATION 




ORIENT TO OMS BURN ATTITUDE 

00 24 IB 

00 03 00 


SELECT INERTIAL ATTITUDE HOLD 

00 27 18 

00 00 10 

1.0 DEC. DEADBAND 

perform prethrust function 

. 00 30 00 

00 02 00 


SELECT NARROW DEADBAND 

00 33 38 

00 00 10 

0.5 DEC. DEADBAND 

ENABLE ENCINE ICMITI"S CIRCUIT 

00 33 48 

00 00 10 


PERFORM OMS BURN AV - 91 Ip* 

00 34 18 

00 00 36 

RESULTANT ORBIT IS 

- 28 a/a 



182 x 182 ka. 
100 x 100 N.KI 

POST THRUST FUNCTIONS 

00 36 00 

00 00 30 

(Start Phasing) 

NULL RESIDUAL VELOCITY . 

00 38 00 

00 00 10 

12 HRS 

DISABLE ENCINE IGNITION CIRCUIT 

00 39 00 

00 00 15 


SELECT VIDE DEADBAND 

00 AO 00 

00 00 10 


• ORBIT AND P.L. CHECKOUT WITH 




GROUND STATIONS 

00 43 00 

03 43 00 


PERFORM IMJ ALIGNMENT 

03 00 00 

03:03:00 


PLANE CHANCE (IF REQUIRED) 

03 10 00 



perform inu alignment 

10:21:38 

V 


PERFORM PHASING CORRECTION 

11:06:08 



(IP REQUIRED) 




OK burn Attitude uniuvir 

12:24 :k8 

00:03:00 

. 




- ^ 






±iTY 
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Table 2.3-4. Mission Ascent Timeline (Cont.) 

(Rendezvous with 12-hr Phasing) 


r . — 

HUS ION PRASE 
SUBPHASE 

evext/ope ration 

“ISSION 

C.t.T< 

duration 

■BUUS 6 COWENTS j 

OHS BOW HEIGHT MANEUVER 1 
AV ■ 246 (pa • 75a/aec 

12:34:18 

00:05:00* 

RESULTANT 0RB7T I 

is 100 i 240 N.KI 

OHS BUW ATTITUDE MANEUVER 

10:09:35 

00:03:00 

162 a 444 ka 

lat COELLIPTIC BURN 
AV • 244 (pa ■ 74 a/a 

13:19:35 

00:05:00* 

RESULTANT ORBIT 
IS 240 > 740 N.KI i 

OHS BUW ATTITUDE MANEUVER 

15:31 |20 

! 00:03:00 

444 z 440 ka 

CORRECTIVE COMBINATION BURN 
AV - 21 (pa 

15:41:20 

1 

1 00:00:26* 


6*4 a/aac 


j 


OMS BUW ATTITUDE MANEUVER 

16:06:20 

00:03:00 


2nd COELLIPTIC BURN 
AV - 21 (pa 

16:18:20 

00:00:26* 


6.4 a/aac 




START RENDEZVOUS PHASE 

16:18:50 

03:02:45 


TPI ATTITUDE MANEUVER 
TP I BURN 

17:09:50 

17:19:50 

00:03:00 


lat BRAKING BUW 

17:51:20 


SIX BREAKING MAN- 
IUVEK5 5V* 1.5 

■/sac aach 

UST BRAKING GATE 

17:56:05 


30 a (raa target j 

HARD DOCK 

18:21:35 


ORBIT ALTITUDE IS 1 




250 x 250 N.KI 
463 x 463 ka 

START OPERATIONS 

19:21:35 




• SINCLE OMS ENGINE BURN 
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3. IMU ALIGNMENT 


An IMU alignment is performed next by maneuvering the orbiter sufficiently 
to acquire three star sightings. It is estimated that the alignment can be 
performed in three minutes. A navigation update is performed at any convenient 
time during this period using the one-way doppler technique and any available 
STDN station. 

PHASE START G.E.T. PHASE DURATION 



HR 

MIN. 

SEC 

HR 

MIN. 

SEC 

4. ORBIT CIRCULARIZATION 

00 

24 

18 

00 

10 

10 


At 00:24:18 G.E.T. , the orbiter maneuvers to OMS burn attitude. OMS 
ignition occurs at 00:34:1b. The bum is a horizontal in-plane posigrade oi 
28 m/s. lasting 36 seconds, which circularizes the orbit at 182-182 km. 


PHASE START G.E.T. PHASE DURATION 



HR 

MIN. 

SEC 

HR 

MIN. 

5. PHASING 

00 

34 

18 

11 

50 


After circularization, the orbiter commences a phasing period to reach the 
proper position for rendezvous initiation. No specific attitude constraints are 
imposed other than those necessary for thermal conditioning. The payload bay 
doors are opened 60 minutes after launch, following checkout of orbiter venicle 
functions and assurance of good ground contact. The ECLSS water boiler is then 
deactivated and cooling is subsequently provided by radiators mounted on the 
payload bay doors. An IMU alignment using the star trackers is performed pre- 
ceding each course correction, and navigation updates are acquired by one-way 
doppler on a station-available basis. A plane change, if required to correct 
insertion errors, would be performed at 03:10:00 G.E.T. 

An IMU alignment is made and, if necessary, a phasing correction maneuver 
is performed at JI:06:08 G.E.T. 

6. HEIGHT ADJUSTMENT 

The orbiter commences to maneuver to the required OMS bum attitude for 
the first of four height adjustments at 12:29:18 G.E.T., ten minutes prior to 
OMS ignition. All of these four OMS burns are posigrade, performed heads down 
with the thrust/sector essentially in plane. A tabulation of these bums 
follows. All of these bums are made with a single OMS engine. 


Begin QMS 


Identif ication 

Delta-V 

Attitude Maneuver 

Ignition 

Duration 

Height 

75 m/s 

12:24:18 

12:34:18 

5:00 

Coelliptic 

74 m/ s 

13:09:35 

13:19:35 

5:00 

Corrective 

6.9 m/s 

15:31:20 

15:41:20 

00:26 

Coelliptic 

6.4 m/s 

16:08:20 

16:18:20 

00:26 


On completion of the listed bums, the orbiter will have transferred 
from the 182-km phasing orbit to a 463-km circular orbit 18 km less than 
that of the target satellite. At the last OMS cutoff, the orbiter will be 
both behind and below the target at a line-of-sight distance of about 152 km 


2-23 



PHASE START G.E.T. 


PHASE DURATION 



HR 

MIN. 

SEC 

HR 

MIN. 

SEC 

7. RENDEZVOUS 

16 

18 

20 

■01 

37 

45 


Immediately subsequent to the last coelliptic OMS burn, the orbiter is 
maneuvered to an attitude with the payload bay doors pointed forward in the general 
direction of the target. The rendezvous sensor is deployed, activated, and 
lock-on the target obtained as soon as possible. The estimated, lock-on time 
is less than two minutes. The target is tracked until the range has decreased 
to about 50 km and a terminal-phase-initiate (TPI) OMS burn solution derived. 

At 17:09:50 G.E.T. , thv. orbiter commences to maneuver to the TPI OMS burn 
attitude. The TPI burn attitude is such that the thrust vector is along the 
line of sight to the target and is timed to occur when the line of sight is 
27 degrees above local horizontal. Subsequent to the TPI OMS bum at 17:19:50, 
the orbiter is maneuvered to bring the braking axis and optical sight into 
line with the target inertial attitude hold and narrow deadband is commanded. 

The theoretical braking delta-V is 9 m/s. Braking is accomplished in six 
increments of about 1.5 m/s each, with the first at 17:51:20 G.E.T. Cross- 
axis corrections are applied at the astronaut's discretion and the total 
delta-V is estimated at 17 m/s. The last braking gate 'occurs at 17:56:05 
G.E.T. and on completion the orbiter will have achieved a stationkeeping posi- 
tion about 30 m from the target. 

PHASE START G.E.T. PHASE DURATION 

HR MIN . SEC HR MIN. SEC 

8. BERTHING 17 56 05 00 25 30 

On achieving stationkeeping, the construction project is given a visual 
inspection to assure that berthing may proceed. The target attitude is such 
that the berthing port axis is about 45® away from the sun. Berthing aids, 
such as closed-circuit TV cameras and the manipulator arms, are activated. 

With the manipulator arm extended, the orbiter next approaches close enough to 
grapple the target. The fixture/platform assembly will have been stabilized 
by a system which is initiated by ground command at an appropriate time prior 
to launch of the orbiter. The attitude control systems of both the target and 
the orbiter are then commanded free and the manipulator arm is employed to 
assist in achieving a hard berth at 18:21:35 G.E.T. A special energy absorbing 
system may be required in the RMS mechanism or the end effector, unless very 
slow relative velocities can be assured at the time of grapple. However, at this 
time it is assumed that use of the standard RMS end effector will be feasible: 

After berthing, the orbiter switches to wide deadband inertial attitude hold. 
Berthing aids are deactivated and stowed. Berthing has been timed to occur in 
sunlight, although this does not negate use of floodlights to fill shadows. 

The RMS is assumed capable of drawing the orbiter and fixture/platform 
together in order to perform a hard mechanical latching and electrical connec- 
tion at the base of the construction fixture. 

2. 3. 3. 2 Reference Ascent Profile Without Rendezvous 

The ascent timeline without rendezvous is essentially the same (see 
Table 2.3-5). It is assumed' that the orbiter and any payload checkout with 
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ground stations will still be performed in the 182-km circular orbit before 
the transfer maneuver to the mission orbit is initiated. The orbiter achieves 
the 463-km circular mission orbit 5 hours, 45 minutes, and 20 seconds after 
launch. 

Table 2.3-5. Mission Ascent Timeline Without Rendezvous 


MISSION PHASE 

soarass 

■TENT /OPS RATION 

sa 

DURATION 

REMARKS 6 COMgNTS 

• POWERED ASCENT 

. 



MATED ASCENT 




LIPTOFT 

00 00 00 

00 00 00 


CUAt LAUNCH TOWER 

00 00 OS 

00 00 00 

LAUNCH TOWER IS 
ASSUMED TO BE 90 
METERS IN BIGHT 

PERFORM PITCH PROGRAM (TRAJ. SHAPING) 

00 00 05 

00 00 10 


MAX INCH DYNAMIC PRESSURE 

00 00 sa 

00 00 00 


HATER BOILER ACTIVATION 

00 00 43 

00 00 00 

30 ka ALTITUDE 
UP TO THIS POINT 
NO ACTIVE COOLANT 
LOOP 

SRB TAXLOFP 

00 01 S3 

00 00 03 


SRB-OESIKR/ET SEPARATION 




BEGIN ORBITER TVC 

00 02 00 

00 00 00 


INITIATE SRB STAGING SEQUENCE 

00 02 03 

00 00 00 


SRI JETTISON 

00 02 OS 

00 00 00 


ORB ITER /ET ASCENT 




VERIFY ENGINE THRUST 

00 02 06 

00 00 04 


REACH 3C 

00 07 13 

00 00 00 


ORBITER MAIM ENGINE CUTOFF (MECO) 

00 08 04 

00 00 00 


ORBITEB-ET SEPARATION 




OPEN FORWARD RCS COVERS 

00 08 04 

00 00 22 


ET STRUCTURAL RELEASE 

00 08 26 

00 00 00 


PERFORM RCS SEPARATION ELEV 

00 08 26 

00 00 08 


ORBITER MANEUVER (RCS) TO OHS BURN 




ATTITUDE AMD COAST 

00 08 34 

00 00 15 


• INITIAL QUIT INSERTION 




PERFORM OMS BURN 

00 08 49 

00 01 06 


PERFORM NFS L02 DUMP 

00 08 59 

00 02 30 


QUIT INSERTIOtf-OMS SHUTDOWN 

00 09 55 

00 00 00 

INSERTION ORBIT 
SO B 100 N.MI 
93 s 182 ha. 

• COAST TO APOGEE 

DISARM OMS-VERIFY OMIT INSERTION 




PARAMETERS 

00 09 S3 

00 00 13 


SELECT ORBITAL RATE MODE 

00 10 10 

00 00 10 


PURGE MPS ENGINE 

00 11 39 

00 00 10 


PERFORM MPS LH2 DUMP 

00 11 49 

00 00 40 


VERIFY MPS DUMP COMPLETE 

00 12 29 

00 00 10 


SECURE MPS ENCINE 

00 12 39 

00 00 13 


POSITION MPS ENCINE FOR DEORBIT 

00 12 54 

00 00 30 


DEACTIVATE AFC'S 

ACTIVATE PAYLOAD MONITORING AND 

00 13 24 

00 00 15 


CONTROL FUNCTION 

00 14 01 

00 00 30 
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T»ble 2.3-5. Mias ion Ascant Timelin* Without Bandazvous (Coot.) 


MISSION PHASE 

sobfhase 

EVENT /OPERATION 


INITIALIZE STAR TRACKERS 

SELECT VICE DEAD SAND 
OtIENT TO TARGET STAR FIELD 
TUIQUt I MU ALIGNMENT 
activate RADIATOR COOLING 

• CIRCULARIZATION 

ORIENT TO OMS BURN ATTITUDE 
SELECT INERTIA L ATTITUDE HOLD 
PERFORM PRETHRUST RUCTION 
SELECT NARROW DEADBAND 
ENASLZ ENGINE IGNITION CIRCUIT 
PERFORM OMS BERN BV-91 f pg 
2» m/a 

POST THRUST FUNCTIONS 
NULL RESIDUAL VELOCITY 
DISABLE ENGINE ICNITION CIRCUIT 
SELECT VIDE DEADBAND 

• ORBIT AND P.t. CHECKOUT WITH 
GROUND STATIONS 

• ORBITER READY TO CONTINUE 

XMU ALIGNMENT 
OMS BURN ATTITUDE 
OMS BORN BV-264 fp* 

BO a/a 

OMS BURN ATTZTUDE 
OMS BURN AV. 261 fp. 

BO m/aae 


• ORBITER IN MISSION QUIT 


MISSION 

G.E.T 

DURATION 

REMARKS 4 C0MC5TS 

00:14:30 

00 00 10 


00:14:40 

00 00 10 

3*0 DEC. DEADBAND 

00:13:00 

00 03 00 

OOt 18:00 

00 13 00 


00:19:10 

00 00 00 


00:24:18 

00 03 00 


00:27:18 

00 00 10 

1.0 DEC. DEADBAND 

00:30:00 

00 02 00 

00:33:38 

t 00 00 10 

0.3 DEC. DEAD1AN0 

00:33:48 

00 00 10 

00:34:18 

00 00 

RESULTANT ORBIT IS 
100 a 100 N.MI 

00 36:00 

00 00 30 

182 x 182 ka 

00 38:00 

00 00 10 

00 39:00 

00 00 15 


Oo 46:00 

00 00 10 


00 43 00 

03 43 00 


04:28:00 


| 

04:30:00 

00:15:00 


04:45:00 

00:03:00, 


04:53:00 

00:05:20 

RESULTANT ORBIT IS 
100 s 230 n.ai 
182 a 463 ka 

03:30:20 

00:03:00, 

05:40:20 

03:43:20 

00:03:20 

RESULTANT ORBIT IS 
230 x 250 n. ai 
463 x 463 ka 
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2.3.4 Other Rendezvous Concerns 


The Shuttle orbiter has the capability to rendezvous with orbiting pay- 
loads that are either cooperative or passive. In most cases it will use a 
multi-orbit and multi-impulse maneuver sequence associated with a parking 
orbit rendezvous mode, but is is also capable of performing a rendezvous and 
retrieval in one revolution. The rendezvous limits for cooperative and passive 
targets are given in Table 2.3-6. RCS propellant estimates for rendezvous and 
payload retrieval are presented in Table 2,3-7. 


Table 2.3-6. Representative Propellant Usage Summary 
for a 90, 7 18- kg (200-Klb) Orbiter 1 


Operation 

Propellant Usage 

Worst-case translation, kg/mps (lb/fps) 

52 (35) 

Three-axis rotational attitude maneuver, 
kg (lb) 


High rate (l'/sec) 

31 (69) 

Low rate (l/2*/sec) 

15 (35) 

Passive thermal control, kg (lb) 

6 (13) 

Rendezvous terminal phase braking, kg (lb) 

717 (1580) 

Payload retrieval, kg (lb) 

163 (360) 

QMS 


Translational, kg/mps (lb/fps) 

30 (20) 

l Usage values for other orbiter weights are directly proportional 
to orbiter weight ratio, orbiter/90,718 kg (200 Klb). 


Table 2.3-7. Rendezvous Radar Limits 



Target 

Types 

Parameter 

Cooperative 1 

Passive 2 

Range limit 

560 km to 30 m 
(300 nmi) (100 ft) 

19 km to 30 m 
(10.3 nmi) (100 ft) 

Range rate limit 

TBD 

TBD 

LOS angle limit 

±40° (function of 
range) 

±40* (function of 
range) 

LOS angle rate limit 



(1) Acquisition 

(2) Tracking 

±4 mr/sec 
±5*/sec 

±4 mr/sec 
±5°/sec 

1 Requires transponder on target compatible with radar 
2 Target has an average radar cross section of 1.0 m 2 (10.8 ft 2 ) 
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2.4 ORB ITER ENTRY AND LANDING CAPABILITIES 


The entry and landing phases of Shuttle flights create constraints on 
space construction projects , primarily in the areas of stowage/support of 
items returned to earth, timelines, and consumables planning. 

The return stowage considerations for space construction projects tend to 
be unusual since return stowage configurations are likely to be widely differ- 
ent from ascent configurations. For example, different pallets or cradles 
might be required, and centers of mass of return payloads must still be held 
within the orblter constraints. Load requirements are also different from 
those for ascent. 

The planning of space construction processes also may be unusually sensi- 
tive to potential contingencies* A potentially large number of piece parts 
to be removed, in a sequence which is desirable to optimize construction, may 
pose problems of maintaining an acceptable location for the cargo center of 
gravity in case of contingency abort. In general, c.g. locations of cargo 
within the orbiter should be maintained within safe limits at all times (see 
Section 3.4). Provisions for cn-orbit stowage may be required to achieve this 
goal, and provisions for jettison or rapid stowage must be included to permit 
re-configuration for safe descent. 

Non-productive time required to attain a favorable orbit for entry after 
finishing construction activity may be a large portion of the total construc- 
tion flight time, up to a full day. This time may significantly affect 
requirements for consumables, for crew, and orbiter power. 

Constraints on Shuttle entry and landing initiation are listed in 
Table 2.4-1. 


Table 2.4-1. Checklist: Constraints on Shuttle Entry and Landing 

Initiation 



r 

* 
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< ) Construction equlpeMot/netenel. k 
return condition, ehel! b. cneld^d 

(R-l) 

•s«. Section 3.4 for , ptclflc con , cr , lnt<- 
( ) **yloed bey doors net be dosed tsllou 

ssr&sr for “ ^ to ci.*. 

(R-l) 


NASA, 1980 (a): 

JSC 0770 0, Vol. xtv 

Affects design of 
carrier*, supports, 
voluas, and size of 
payload. 


Timeline margins 
affected. 


( ) 


) The direct «try cepnblllty of the orblt.r 

Indinetlon? 0 °' C “* # W * tght " d orbIt 

(R-l) 

* Figure 2.4-2 presents only th« direct 
un try capability (launch ca P abili£ 

^"sr* (S*rt.”u.) n orth. rb t“.™r* 1 

n siass SS; — - 

will 0V€rt11 flight capability 

SSS'ibTLSS don 

to 

clrcuntence. under vhlch they ny o^cur 11 " 

Return to launch site abort 
• Abort once around 

Aborts from orbit operation due to a 

nulfunctlon. No nl.elon with . 
lending cerjo weight of nr. then 
14.513 kg (32.000 lb) should be plenned 


NASA, 1980 (a): 

JSC 07700. Vol. rrv 


Of concern primarily 
for changeout of 
payloads. 


Analysis to deter- 
mine need for 
barbecue is required. 


NASA, 1980 (a): 

JSC 07700. Vol. rrv 

Affects m ax<m im 
weight of payload. 
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a - SOLAR INCIOCNCE ANCLE, DEC 
90* j . ORBITEA ORBIT INCLINATION, OCC 



France 

Decrees 

OH BITER ORIENTATION 

NOLO capability 
HOURS 

PREENTRY THERMAL 
CONOttlONINC 
requirements hours 

OTO 40 

ANV 

£140 

*12 

40 TO 90 * 

A. OTHER THAN 3-AXIS 

inertial holds 

CYCLES or 4-HOUR HOLDS 
FOLLOWEO BY 3 HOURS OF 
THERMAL CONDITIONING FOR 
WORST THERMAL ATTITUDES 

17 

1 

1 

B. 3-AXIS INERTIAL HOLDS 

£140 

112 


Figure 2.4-1. Orbiter Attitude-Hold Capabilities 



Figure 2.4-2. Preliminary Direct Entry Capability 
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2 - 4 - 1 Typical Dtice nt Tim.i;„.. 

2.4. l.l Description of Dascent Profile 


~ 2.4-3. a. si gnUic . nt 

«nd environments experienced by the crew Jrf * r# tl ?* durat i°n, loads 

d u ra t i o n* in f lue n ce ** *and ^may *be *a f f e c ted * b 'ca^^Al^^ 

of constraints on sleep period on account 



Figure 2.4-3* Descent Profile 


2.4. 1.2 Entry and Landing Timeline 

general magnitudes of the*dif ferent pha^e* 8 *^*' 1 ° rder tU P ° int out the 
lights the major effect of the need for th ° f ® ntry \ 111 is discussion high- 
pncr to entry. thermal conditioning of the orbiter 

t*: 


2-31 





* flv, ' h ° ur tk«™l conditioning or b.rb.cue 
ot rollout lg t.'-, rllnrtnc.'tii. NOt * ,v * nt tla *’ that completion 

chronological J J ”£1' 'V' “V* 1 " 

completion of th» roil »*■ ^2X time* shown ere from 


Teble 2.4-2. Entry Timeline 


Complete roll 

00:00:00 

Rollout 

00:02:00 

At 16000 ft 4.9 km 

00:04:39 

At 47000 ft 14 km 

j 00:07:55 

At 100000 ft 30 km 

: 00:12:36 

Entry 400000 ft 122 km 

00:38:07 

Entry burn 

01:11:35 

Maneuver to burn attitude 

oi:21:35 

XMU Alignment 

01:36:35 

Thermal Conditioning Mode 

06:36:35 

XMU Alignment 

06:20:35 

RCS Maneuver £V ■ 1 m/s 

08:06:35 

Separation (undocking) 

08:26:35 
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1. SEPARATION 


PHASE 

START G.E.T. 

PHASE DURATION 

HR 

MIN. 

SEC 

MR MIN SEC 

08 

26 

35 

01 50 00 


•ccJZziiTcVz: :‘ t v oa:u /- 3s *° d u 

£S£TA-^ 

are used to generate a nfifilararf* av . . _ * orbiter RCS jets 

the orbiter first moves ahead then »h« * *' a D !f rin8 the « ns “ing revolution 
at distance of about 15 ka. During thil^riftl^* 0 drifta b * hind the Platform 
tion of the platform is wintered nl it a8 :* way P* riod • v ^al observe- 
at a convenient time during this period end usin ® the 8tar trackers 

the one-way doppler technique and any available STDN I tit ion! ** UPdat6d USin8 


rmtac aiAKi G.E.T. PHASEDURATION 

HR MIN SEC HR MIN SEC 


2. THERMAL CONDITIONING 


06 


36 


35 


05 15 


00 


if l 1 irM q lp !!? n secur * d and stored, and fuel cell water is dumped. 
If necessary, the orbiter may be operated in a thermal barbecue mode for up to 
1- hours at the end of this phase to minimize thermal gradients, a five-hour 
barbecue mode is shown here. The orbiter is next configured for deorbit 
including closing of cargo doors, forward RCS doors, and star tracker’s oro- 

APU ' S * te f « '« — «« - eta aerosurface 


3. DEORBIT 


PHASE START G.E.T. PHASE DURATION 

HR MIN SEC KR MIN SEC 

01 21 35 00 43 28 


At 01:21:35, the orbiter maneuvers to the deorbit burn attitude, retro- 
grade, heads-down. A single QMS engine is used with ignition at 01 * 1 1 - 35 
Burn time is 411 seconds and resultant AV is 110 m/s. The orbiter is then 
maneuvered to a heads-up, nose-first, pitch-up attitude specified for entrv 
interface. 


PHASE START C.E.T. PHASE DURATION 

HR MIN SEC HR MIN SL^. 

4. £NTR\ 00 38 07 00 30 12 

The orbiter passes through 122 km altitude at 00:38:07. The APU's are 
activated and aero surfaces powered. Throughout the remainder of the «ntry 
the GN&C steers to reach the landing site and controls to minimize accelera- 
tions and thermal heating. The ammonia boiler is activated as the orbiter 
passes through 30 km altitude at 00:12:36. Entry is completed as the orbiter 
passes over the minimum energy point (MEP) at approximately 14 km altitude at 
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PHASE START G.E.T. PHASE DURATION 



HR 

MIN 

SEC 

HR 

MIN 

SEC 

5. DESCENT 

00 

07 

55 

00 

03 

16 


The orblter maneuvers as it descends under control based on terminal area 
energy management (TAEM). It acquires the projection of the final approach 
trajectory at approximately 4.9 km altitude at 00:04:39. 

PHASE START G.E.T. PHASE DURATION 



HR 

MIN 

SEC 

HR 

MIN 

SEC 

6. FINAL APPROACH 

00 

04 

39 

00 

02 

39 


Final approach, like the descent, is entirely nominal. 

PHASE START G.E.T. PHASE DURATION 




HR 

MIN 

SEC 

HR 

MIN SEC 

7. 

ROLLOUT 

00 

02 

00 

00 

02 00 


Landing rollout 

is complete at 00:00:00. 







PHASE 

START 

G.E.T. 

PHASE DURATION 



HR 

MIN 

SEC 

HR 

MIN SEC 

8. 

POST-LANDING 

00 

00 

00 

00 

13 00 


GSE hookup requires 13 minutes to the point where the fuel cells may be 
shut down. 

2.5 ABORTS 

The Shuttle system provides Intact abort throughout all mission phases. 
There are four basic modes: return to launch site (RTLS), abort once around 

(AOA), abort to orbit (ATO), and abort from orbit. The trajectory profiles 
are TBD. (R-l) . 

Abort load limit requirements are Included in constraints listed for 
ascent (Section 2.0) and descent (Section 2.4). These also affect the attach- 
ment load limits listed in Section 3.0. Payloads which are not planned for 
return must be compatible with the environments encountered during STS abort 
and emergency ‘landing (NASA 1979: NHB 1700.7 J. 

2.6 PRESSURE AND VENTING 

With the vents open, the cArgo bay pressure closely follows the flight 
atmospheric pressure. The payload vent sequencing is as follows: 
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Pralaunch 

Lift-off (T • 0) 

T ♦ 10 seconds 
Orbit inaertion 
On orbit 

Praentry prepa rati on 
^rrtry (high haat zona) 
Atmoaphartc (75 000 
*5000 feat <23 * 1.5 
kilomatars)) to 
landing 

Poatientfng purge 


Cloaad (vent no. 6 in 
purge position) 
Cloaad 
All open 
Ail open 
All open 
All cloaad 
Ail doaad 


All open 

Cloaad (vent no. 6 in 
purge position) 


for oth^fli«ht°Ihii« Ph * a “; the cargo hay operates unpressurlaed. 
tor ocner flight phases are shown in Figure 2.6-1. 


Pressures 



Figure 2.6-1. Cargo Bay Internal Pressure 
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3.0 PACKAGING CONSTRUCTION EQUIPMENT AND 
MATERIALS FOR SHUTTLE DELIVERY 

Tbit Motion is concerned primarily vith designing for the volumetric 
constraints and physical interfaces between the Orbiter, the construction 
equipment and the construction materials as they concern delivery to orbit 
and return to earth. These requirements may also relate to topics covered 
in Section 4.4, such as design of the on-orbit attach points between the 
Orbiter and the construction equipment or the access and feasible pathways 
for extracting construction equipment and materials from the Orbiter cargo 
bay. The emphasis in this section is on geometry, mechanical connections, 
electrical connections, fluid connections and other possible interfaces. 

Loads and mass properties are also considered. 

Sections 3.0, 4.0 and 5.0 together constitute descriptions of the majority 
of the Shuttle Orbiter features and services which are included in the general 
subject of Payload Accommodations. 

3.1 ENVELOPE AVAILABLE TO PAYLOAD 

Typically, one of the most critical constraints in space construction 
project design is the volume available for carrying construction equipment 
and materials in the Orbiter cargo bay. Since the density of on-orbit 
construction equipment and materials is usually low, the payload volume per- 
missible per laun'A (rather than the payload weight) often determines how 
many Shuttle flights are required. The cargo bay sise also limits the 
maximum sise of objects to be carried in each launch. Figures 3.1-1, 3.1-2 
and 3.1-3 define the coordinates and major constraints on the spatial envelope 
available in the cargo bay for space construction equipment, materiels, OMS 
kits, etc. Table 3.1-1 presents a checklist of key constraints relative to this 
subject, in order to further specify and qualify the volumetric limits. 

In addition to the cargo bay, there are smaller volumes available in 
the crew cabin for appropriate payload-chargeable electronic display and 
control equipment, crew equipment and supplies and accoonodations for addi- 
tional crew which may be desired for construction or operations related 
specifically to large space structures. These are briefly summarized in 
Figures 3.1-6 and 3.1-7. A typical modular stowage box is described in 
Figure 3.1-8. Constraints are further defined in Table 3.1-2. 

Finally, there are designated volumes under the liner of the cargo bay 
which are available for special payload-chargeable tank kits and plumbing, 
such as for cryogenic oxygen and hydrogen and gaseous nitrogen. These spaces 
are designated in Figures 3.1-9 and 3.1-10. Constraints applicable to these 
volumes are listed in Table 3.1-3. 

The above noted volumetric capacities may be effectively reduced by the 
necessity to carry various standard equipment items (such as OMS kits on docking 
modules) or to provide access, particularly for contingency EVA. The following 
sections (Sections 3*1.1 through 3.1,3) identify these potential reductions and 
provide further information on the expected impacts. 

"Caution : Not a controlled document! See appropriate reference 

documents for current data." 
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Figure 3.1-1. Orbiter Coordinate System and Cargo Bay Envelope 

(The dynamic clearance allowed between the vehicle 
and the payload at each end is also illustrated) 
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' MAXIMUM 
| **VLOAO 
ifWVELOAt< 


-i-- 2,400 

v.' 


•0(2304) 


Si 


f7f mml 
0* BIT? ft 


Figure 3.1-2. Viev q£ Payload Envelope Looking 


/I 


z. 400 (10 ISO) 


Xn- 0 


Zo- 400 


EACH PAYLOAD 


Reference : NASA 1980(a), Vol. XIV, p. 2-10 

NOTE: Xo, Y 0 , Z 0 are orbiter coordinates 
X P* Yp» Z p are payload coordinates 

Figure 3.1-3. Payload Coordinates, Shoving Relationship 
CO Orbiter Station on Each Axis 











Tablt 3* l-l . Checklist: Orbitar Conatrainca on Envelope Availabla 
in Payload Bay 


{ ) GU I OEUNES/* QUALIFICATIONS 


( ) Tha nominal payload elaaranca anvalopa in 

tha Shuttle Orbitar payload bay measures 
4572 by 18,233 m (13 ft by 60 ft). Thia 
vo luma ia tha maximum allovabla payload 
dynamic anvalopa, including payload 
daflactiona. (R-l) 

• In addition, a 76-an (3-in.) elaaranca ia 
providad batwaan tha payload anvalopa and 
tha orbitar atructura to account for 
orbitar daflactiona. 

• Payload aupport trunniona protruda outaida 
tha nominal anvalopa to aupport point a on 
longaron fittinga or on kaal fitting* 

(Saa Saction 3.2). 

• Elactrieal and fluid intarconnactiona 
panatrata tha nominal anvalopa to orbitar 
atructura attach pointa (Sactiona 3.8 & 3.9) 

• If a atarboard aida RMS arm ia not 
inatallad, tha apaca allocatad for tha 
arm stowage abova tha longaron may ba 
availabla for payload atowaga. 

• (Saa PIDA S Saction 4.6) 

( ) Thara ia a email potential intruaion into 

tha nominal 3" elaaranca anvalopa between 
payload and orbitar due to tha lu-band 
antenna stowage. 

• Detail design atudy in prograaa at time 

of this document preparation. Figure 3.1-4 
illustrates tha proposed new stowage loca- 
tion concept (cross-section) . 

. Detailed geometric and dynamic analysis 
ia recommended where questions of critical 
clearance may exist. 


REFERENCES 


inuwvttt«r>Tw 



1980 (b 


Determine largest 
construction equip- 
ment module dimen- 
sions (in stowed 
condition) 


Bockwall 1980 (h) 
In-House Briafin 


Generally not a 
problem whan EVA 
access is providad 
to MMU. 
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Table 3.1-1. Checklist: Orb iter Constraints on Envelops Available 
in Payload Bay (Cont.) 


( ) GUIDELINES/* QUALIFICATIONS 


( ) Cargo bay forward bulkhead purge ducts 

create an intrusion into tha clearance 
envelope for payloads. 

• See Figure 3.1-3 


( ) During ascent and/or descent, the cargo bay 

liner nay balloon into the cargo bay 
clearance envelope, exerting a pressure of 
less than .1 psi. 

• Maxiaun protrusion is 4.6 into the cargo 
envelope (radius of S3 .4 inches from cargo 
bay centerline). 

• When required, special hardware will be 
provided by the orbiter for restraint of 
the liner for sensitive cargo. 


REFERENCES 



Generally not a 
problea when berthing/ 
docking nodule or EVA 
access is provided. 

KASA 1980 (a): 
JSC-07700, Vol. XIV 
(ICD 2-19001) 


See reference for 
details of areas 
affected. 


The cargo bay is covered with doors that 
open to expose the entire length and full 
width of the bay. (R-l) 

* Items mounted on the payload bay longeron 
oust not obstruct this access. 


NASA. 1980 (b 


Design affected: 
hinge mechanisms on 
the mounting may be 
required to permit 
outboard rotation. 
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Figure 3*1-4. Payload Claaranca Envelope Intrusions 
of Ku-Band Antenna 




w rct nr 

Figure 3*1-5* Payload Clearance Envelope Intrusions 
of Purge Ducts on Forward Bulkhead 
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• PANIC AREA 24 IT 2 <041 m 2 ) 

• VOLUME: 1.5 PT 3 (0.04m 3 ) 


“MISSION 

STATION 


« ON-ORBIT STATION 

• PANEL AREA: 3.7 PT 2 <0 34 m 2 l 

t« BY 13.97 IN. <0.49 BY 0 31 ml 
t • VOLUME: 2.4 PT 2 <0 07 m 3 ) 

\ PAYLOAO STATION ■ 

\ • PANEL AREA: »4 PT 2 (0.77 m 2 ) 

\ • VOLUME; 13 J PT 3 (0.30 m 3 ) 

\ 10 BY 21 BY 20 IN. 

\ (0.40 BY 003 BY 04 ml 

\ CLOSED CIRCUIT j 

\ TELEVISION -j 


Jm\ 



1111118111 

— i 

L^Jl 

m 

mri7 1 

i ■ - 1 

i i 

i i 




7L/\ i. 1 /Y^gfe 

VIEW LOOKING APT 

/ AOOITIONAL VOLUME OP 14 PT 3 (0.04 m 3 ) I 

' AVAILABLE FOR PAYLOAO AVIONICS BOXES — * 

— • PANEL AREA: 2 0 PT 2 (040 m 2 l 

• VOLUME: 4.6 PT 3 (0.13 m 3 ! 

10 BY 21 BY 20 IN. (0-4B BY 0 93 BY 04 ml 

* 

TOTAL VOLUME: 23 0 PT 3 (0.67 m 3 ) 

TOTAL PANEL SURFACE AREA: 17.1 PT 2 (156 m 2 ! 

NOTE: The payload space on the aft flight deck is intended primarily 

for control panels and stowage. 

Also see: NASA 1980(a), I CD 2-19001, p. 3-10 and 3-15 for potential 

updated information. 


Figure 3.1-6. Area and Volume Available for Payload Equipment or 
Controls in the Orbiter Aft Flight Deck 








ORIGINAL PAGE IS 
OF POOR QUALITY, 



MRU 

i. ******* has a tun os«srrr 

** lS'siStSo” mn m P * ow “° 70 

*. OfnuNAL uaosa vsnAom mill wot m ocszgnks 
*o« omn cowc mn ws 

4 * QQ h* li F LUSH WITH SOTTOM OT UX3XK WHSNvOriWSO 
^0*S«M AMO CAN 0P1N ISO OKOU UUUIQfT 

(D DOM NAS PWJCrZOK KXHQB PM 2UO-C OFUATON 

AIW A MA6MR2C LAIOt PM lUPOMir CLOSUHK OT OOM 


Figure 3.1-8. Modular Stowage Unit for Crew Cabin Mid Deck 
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T * bl * 3 ' 1 ' 2 ' Sd b ^l k e “ ,tr * ine * on snv * u >« *»«•«• *» 


( ) CONSTRAINTS / * QUAU F I CAT I ONS 


C ) A minimum volume of 89 cubic feet .boll b« 

f° C * rf ° UM in ••**» *i«ion for 
potential loose equiprent. (8-1) 

. The volume# availsbls arc negotiated on 
a mission by mission basis. 

. Actual volume available may be less. 

( J Ch * P !'* n6U1 l°o*e-equipment •towage 

locations and volumes for cargo use are 
defined and controlled in ICD-3-0027-03. 

( 8 - 1 ) 

( ) A limited number of identical modular 

stowage units are included in the above 
total volume dedicated to cargo use in 
each mission. (8—1) 

. Volume occupied by box structure is 
lubcnctcd from tviiliblc vo!um« 



NASA 1980 (a): 
JSC-07700, Vol . XIV, 
Attachment l 


NASA 1980 (a): 
(See above) 



See Figure 3.1-8 for 
modular stowage unit 
dimensions. 



IASEUNE TANKS 


BOTTOM OF 
* FAYLOAD 
IAY . 




POSITIONS FOR 
ADDITIONAL 
TANK SETS (4} 


Figur. 3*1-9. Position* for Additional Cryogenic Tank Sets 
Under Cargo Bay Linar 


BASELINE TANKS (4), 


BOTTOM OF 
•PAYLOAD 
BAY 



•MHMUini 

•2:nacH30SSiii 




POSITIONS FOR 
ADDITIONAL 
TANK SETS 


Figure 3.1-10. Stowage Volu-e for Additional nitrogen Tanks 
Under Cargo Bay Liner 


AH6TE: Bills rent Shuttle docus-nt s aay 

"cargo bay" or "payload bay. 


refer to the sane space as either 
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Table 3.1-3. Checklist: Constraints on Nitrogen Stowage Under 
Payload Bay Liner 


( 



REFERENCES 

CONSTRAINTS / • QUALIFICATIONS 

IMPLICATIONS 

( 

) 

Baseline stowage provisions for nitrogen 

Rockwell 1980 (b): 



stowage provides four (4) tanks under the 

SSV80-1 



cargo bay liner. (R-l) 


( 

) 

The volume occupied by one cryogenic hydrogen 

Trade studies are 



or oxygen tank under the payload bay liner 

required to optimize 



can be used to install four N 2 tanks. (R-4) 

conflicting volume 
usage options. 

( 

) 

Additional nitrogen stowage could be provided 

Requires new engi- 



by use of cryogenic stowage tanks. (R-4) 

neering, test, quali- 
fication, and manu- 



. Cryogenic N 2 tank designs are not currently 

facturing of tank sets, 



a standard Shuttle inventory capability. 

as well as ground 
installation time. 

( 

) 

Nitrogen tank installations under payload 
bay liner are limited by available volume, 
taking into account other tank installation 
requirements and ground access requirements. 




(R-4) 


( 

) 

Additional stowage is available for 12 to 14 
nitrogen tanks under the cargo bay liner. 




assuming a passageway is provided for ground 
access. (R-4) 


( 

) 

Additional plumbing and brackets must be 

Requires new engineer- 



designed and manufactured to provide for 

ing, test, qualifies- 



added N 2 stowage beyond the baseline four 

tion and manufacturing 



tanks under the payload bay liner. (R-4) 

as well as ground 
installation time. 



. If required, a dedicated orbiter should 




be assigned for such special usage. 



3,1.1 Cargo Volume Reductions Due to QMS Kits 


Figure 3.1-11 outlines the significant volume occupied by one or more 
orbital maneuvering system (OMS) AV kits. Such kits may be required by a 
particular mission to achieve a desired orbit with sufficient weight to meet 
the stated mission objectives* The integral orbital maneuver subsystem (OMS) 
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propellant tanks aboard the orbiter provide approximately 1000 feet per second 
of velocity on-orbit. Auxiliary propellant kits must be employed whenever 
mission velocity requirements for the OMS exceed this value. Up to three 
sets of auxiliary tankage, each providing an additional delta V capability 
of 500 feet per second can be added to achieve a total delta V capability of 
2500 feet per second. The auxiliary tankage, located in the cargo bay, 
utilizes the same type propellant tanks, helium bottles, and pressurization 
system components as the pods. The weight and the nominal added delta V are 
shown in the table below as a function of the number of kits employed. The 
data presented are the latest values of the baseline design. (See Section 2*3 
for further discussion of these constraints). 

Table 3.1-4. Weight and AV Capability of OHS Kits on Orbiter 



1— J.IJISI...I.II.JLW 

NOMINAL 
ADDED AV 
(fp«) 

NUMBER OF KITS 

DRY 

(lb) 

FILLED** 

(lb) 

1 

.2978*' 

15,380 

500 

2 

3955 

28,723 

1000 ' 

3 

5275 

42,408 

1500 


*Doaa not include fittings (additional 397 lb) 
♦♦Includes all loaded propellants and gases 


The installation and removal of OMS V kits shall be possible without 
impact to, or by, cargo elements installed forward of Xo 1191. 

Data Source: NASA 1980(a), ICD 2-19001 

3.1.2 Cargo Bay Volume s Requ ired for Access and Misc ellaneo us Optional 
Equipment 

In addition to possible impacts of OMS AV kits previously described, 
there are other potential volumetric requirements related to optional equip- 
ment which limit full use of the nominal orbiter payload bay volume for pay- 
load. These potential constraints are listed in Table 3*1-4. 
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Table 3.1-5* Checklist: Shuttle Constraints on Usage of Cargo Bay Stowage 
Volume due to Access and Miscellaneous Optional Equipment 


> CONSTRAINTS/ ‘QUALIFICATIONS 


REFERENCES 


( ) The usable payload envelope is limited by 

access needed and items of supporting sub- 
systems in the cargo bay which are charge-^ 
able to the payload volume. (R-l) 

Potentially applicable requirements are 
listed below. The following notes apply 
to all dynamic /thermal excursion data: 

NOTES: 

(1) Dynamic /thermal intrusions include 
orbiter deflections. 

(2) Development of a general set of orbiter 
deflection data, encompassing the com- 
plete cargo bay, is not currently 
planned. Such data will only be 
developed for specific flight mani- 
fested payloads, and will be maintained 
as reference information for future 
payload planning. 

( ) Access must be provided for contingency EVA 

on orbit. (R-l) 

. Provisions to remove or jettison payload 
items may be incorporated to provide such 

access. (R-5) 

. See Sections 4. 8. 1.1 through 4. 8. 1.3 for 
volumes associated with airlocks, tunnel 
adapters and docking modules plus associated 
access. 

( ) When one or more Manned Maneuvering Units 

are installed, access must be provided in 
the cargo bay for donning and checkout 
of MMU as well as for stowage. (R-l) 

. See Section 4. 8. 2. 2. 

. Access to MMU is not required until orbital 
operations begin. 


NASA, 1980 (a): 
JSC-07700, Vol. XIV, 
(ICD 2-19001) 

NASA, 1980 (b): 

STS User Handbook 


NASA 1980 (a): 
JSC-07700. Vol. XIV 


In general, airlocks 
and tunnels in cargo 
bay should be 
avoided, in order to 
provide for maximum 
payload stowage 
volume. 


May affect decision 
on usage of MMU, 
stowage, sequence 
of operations. 

Analysis of access 
sequence is required. 
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VM F-F Xo579 

CCTV Forward Port Bulkhead Clearance envelope 


Figure 3.1-12. Payload Clearance Envelope Intrusions of 
Forward TV Caaera in Payload Bay 


1 


111 ! 


DOmO LINES ARE DYNAMIC ENVELOPES 


Figure 3.1-13. 


SUPPORT BRACKET — I 

DETAILS TBD 1 

VIEW A-A *o 1304 

CCTV Aft Starboard Bulkhead Clearance Envelope 


Payload Clearance Envelope Intrusion* of 
Aft TV Caaera in Payload Bay 


5.2 


V«f.7 


— T ill A 


WTOITML 
TV CAMERA 
LOCATION 




Pat Ail C 

/fee. Bridge Fitting Over Wing Box Typ between 
X 0 1198.0 and X Q 1249.0 


Figure ii 1-15. Payload Clearance Envelope Intrusions 
of Keel Fitting over Wing Box 
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3-2 SHUTTLE ORSITER/PATLOAD MECHANICAL ATTachvtvt* 

3 2 1 At, a ATTACHMENT LOCATIONS AND FITTINGS 

Attachme nt LocaM™.. 

WloSl Along* ch^Ungch '^“"roT 0 '' aetlch ““' point, fot c . rriir/ 

» » ion^on *''*'!^' ’ ei “> «• ind ie»c«d on Fi|ur« 

1» «* «» .yif.bl^^.^ h r ^^*l 12S .tt.ch point. C on 

sass^gg^^- 

(08.80 

PR IHARY RET CNTI ON POINTS I 
fSClRHIAO X, 57iJ 


"Iri^? TtWTIAL ATTACH POINTS' 
L0CAT,0 *« AT 
^•933 ( 58 / 15 ) IN. SPACING 


1281.(0 


1.303 


*58 IN. SPACING (ttpj 


-i h 


J^ICAl RCTCNTION REAM 
FOR PITCH (+ 1 ) LOAOS 


rP(CAl AUXILIARY SCAN 

for *r loaos 
Typical primary scan 

P 0 R +z 4 ♦* LOAOS 


■ V o (AT X fl 


5303 ONLY) 


FUSELAGE FRANC 
STATIONS (TYP) 



2 o 308 .li AFT OF II79 


LATERAL LOAD RCTCNTION 
“-: ,TTI * POINTS LOWER C 
2 0 305 , EXCEPT AFT OF 1179^ 

?i,Ut * 3 ‘ 2 ' 1 ’ Up“™^t. b ;. C,r/P * yl0 * d Location, 

.applied «P.cUl°bridgI 1 fiitinga“* So'eci V 01 "” C ° Uld b * Prided on p.yload- 
locations are described in Table * 3 . 2-1. * cons£ralnts °n such attach point 

*" — i» ^A 1980(.) , Table 3 . 3 .^.^ 
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NONDEPLOY ABLE PAYLOAD ATTACH FITTING 


TRUNNION 

housing assy 



LOCKING SHEAR PINS 
(LOCKS STATION 
SELECTED) 


BRIDGE 

FITTING 


LONGERON BRIDGE ASSY 


DEPLOYABLE PAYLOAD ATTACH FITTING /MECHANISM 



Figure 3.2-2. Standard Att 




Table 3.2-1. Checklist: Constraints on Orbiter Payload Attachment Locations 


{ ) CONSTRAINTS /• QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) Attachment fittings shall be spaced to 

Rockwell 1979 (a) 

avoid radiator hose crossover locations, 

Drawing No. V070- 

centered at: Xo • 839.36 and Xo ■ 1198.00 

362003 

(Typical left and right side). (R-l) 


( ) Attachment fittings shall be spaced to* 


avoid cargo bay door actuator locations , 


centered at: 


Xo » 602.30 Xo - 966.35 


Xo - 737.30 Xo » 1144.20 


Xo - 903.80 Xo - 1264.20 


(Typical left and right side) (R-l) 


( ) Attachment fittings shall be spaced to 


avoid electrical crossover locations 


centered at: 


Xo - 725.60 Xo - 1019.75 


Xo - 794.95 Xo • 1084.75 


Xo - 863.31 Xo - 1214.25 


(Typical left and right side). (R-l) 


. A stiff structure design might preclude 


interference by reason of trunnion 


deflections. 


( ) Attachment fittings shall be located to 

NASA 1980 (a): 

avoid interference with the RMS support 

JSC-07700, Vol . XIV 

pedestals (if RMS is installed on right 


or left side). (R-l) 

Four support pedes- 


tal locations per 

. See Section 4.5 for RMS dimensions. 

RMS arm to be con- 


sidered . 

NOTE: RMS and its supports rotate out- 


board for loading/unloading 


payloads, inboard for flight. 

1 

( ) Attachment fittings shall be located to 

Rockwell 1979 (a): 

avoid interference with the Ku-band antennas 

' MC 409-0025 

(R-l) 


. Principal attach point to longeron at 


Station 589, right (starboard) side, 


Left side optional. 
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Ttbic 3.2-1. Checklist: Constraints on Orbiter Payload Attachment Locations 
(Cont’d.) 


( ) CONSTRAINTS /• QUALIFICATIONS 


• Ku-Band antenna hinges outboard to permit 


clearance for loadisg/unloading payloads 


on the ground (racant revision). 


( ) Reel fittings limited over wing box. 


. See Figure' 3.1-5. 


.( ) Active (deployable) attach fittings have 

HASA 1980 (a): 

limited locations. 

JSC-07700, Vol. XIV, 


I CD 2-19001 

. See Reference ICO 


( ) Minimum distances between trunnions on 

Rockwell 1980 (f): 

adjacent cargo elements may be limited by 

Payload Mixing Study 

payload ground handling mechanisms (PGHM) 


. See Section 3.7. 



3.2.2 Shuttle Attach Fittings for Carrlsrs/Payloads 


Figure 3.2-2 llluatratea the typical orblter-eupplled mechanical attach 
flttlnga. Carrlera/payloada are aupported along both aldea of the cargo bay 
at polnta 14 lnchea above the bay centerline and along the bottom at the 
orblter keel centerline. All attach flttlnga art outalde the 93-lnch radiua 
of the orblter dynamic envelope, except for keel flttlnga over the wing box 
(aft of Xq 1179). 

The longeron (aide) attach flttlnga are altuated above the cargo bay till 
longerona on detachable brldgea that dlatrlbute the fitting loada Into orblter 
atructure. The keel brldgea alao span adjacent fuselage frames and are detach- 
able. 


The carrier/payload attachments are of the trunnion/bearing/ journal type. 
The loqgeron attach fitting has a spilt aelf-allgnlng bearing and la available 
either as a nonreleasing fitting whose hinged upper half la bolted closed before 
launch, or fcs a remotely actuated fitting which releases/aecures the carrier/ 
payload trunnion for on-orbit deployment and retrieval. The deployable fitting 
has a flared alignment guide to assist In retrieval, which la retracted when 
not In use. Both types of attach fitting engage the longeron bridge by a tee 
and slot which allow sliding In the X-dircction. Since chese trunnions must 
support both X- and Z-loads, shear pins are Installed In one pair of fittings 
to prevent X-motlon and thus transmit X-loads into the bridge and, thereby, 
into the orblter. The other longeron attach flttlng(s) remains free to slide 
and transmits only Z-loads. 
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Figure 3.3-1. Carrier/Payload Retention System a 
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3.4 CARGO CENTER-OF-GRAVITY ENVELOPE REQUIREMENTS 

Carriers /pay loads muse be Integrated Into cargos which meet the c.g. 
constraints of Figure 3.4-1 due to orbiter aerodynamics. All payload charge- 
able items (e.g., orbifir maneuvering system kits, electrical power subsystem 
kits, spare parts), regardless of location (e.g., cargo bay, beneath the bay, 
in the cabin) , must be included in the computation to obtain the location of 
the cargo center of gravity, which must be within the specified envelope for 
normal or abort reentries and landings. The envelope for weights above 32,000 
pounds must be maintained for potential emergency landings. Typical small pay- 
loads will not be individually required to control their center of gravity within 
these limits. Except for large unique payloads, the cargo integrator will be 
able to manage cargo distribution to achieve an acceptable center of gravity 
for the entire cargo. 

Longitudinal Constraints (X-Axis) 

The current vehicle is designed to reenter and land with the total vehicle 
c.g. located between 65 and 67. 5Z of the body length. With a design-landing 
cargo weight of 32,000 lb, the cargo c.g. must fall between 32 and 45 feet from 
the forward end of the cargo bay. 

Vertical Constraints (Z-Axis) 

The vertical c.g. envelopes are measured in Inches from the centerline of 
the cargo bay for cargo up to 65,000 lb. The outer envelope constraint is for 
the entire cargo, whereas the inner envelope (shaded) applies to cargo elements 
mounted in the cargo bay. 

Lateral Constraints (T-Axis) 


The lateral cargo c.g. envelope is symmetrical about the orbiter center- 
line. Allowable excursions within this envelope are measured in Inches rather 
than feet. The lateral c.g. excursion limit for a 10,000-lb cargo is ±8 in. 

As the weight increases, the allowable excursion decreases; it is ±3.5 Inches 
for a 32, 000- lb cargo and only ±2.5 Inches for a 65,000-lb cargo. 

3.5 SHUTTLE CARRIER/PAYLOAD DESIGN LIMIT-LOAD FACTORS 

The preliminary limit-load factors /angular accelerations shown in Table 
3.5-1 apply to rigid payloads attached directly to the orbiter at any location 
in the cargo bay. These load factors shall be used for preliminary design of 
carrier/payload primary structure and for determination of preliminary orbiter/ 
carrier interface loads. Load factors at specific points within the payload 
will depend upon payload design characteristics and mounting methods. Pay- 
loads that are cantilevered or that have substantial internal flexibility may 
experience higher load factors than those shown in the table. 

Typical load factors for liftoff and landing are presented. However, 
during these events, external forces are highly transient and significant 
elastic response occurs. Carrier/payload responses will depend upon carrier/ 
payload geometry, stiffness, and mass characteristics. Therefore, until suf- 
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Table 3.5-1. Carrier/Payload Design Limit-Load Factors/Angular Acceleration 


QUASI-STEADY FLIGHT EVENTS*** 

LIMIT-LOAD FACTOR* g 

ANGULAR ACCELERATION** 
RAO/SEC 2 


FLIGHT EVENT 

"x 

(♦ AFT) 

N y 

(♦ RIGHT) 

N Z 

(+UP) 

"x 

(4 right 
WING ON) 

°1 

(4 NOSE 
UP) 

°I 

(4 NOSE 
LEFT) 

CARRIER / 
PAYLOAD 
WETGHf 

ASCENT 

• LIFTOFF 

|-0.2 

1-3.2 

40.1 

42.5 

40.1 

40.15 

40.15 


•BOOST MAX, N x INTEG VEHICLE 

-2.9 

+0.6 

-0.1 

40.2 

40.25 

40.25 

UP TO 
65K LB 

• SRB POST- STAGING 

- 1.1 

40.12 

-0.6 





•BOOST MAX, N x ORBITER 

-3.17 

0.0 

-0.6 

40.25 

40.25 



DESCENT 

•TAEM: PITCH MANEUVER 

1 1.01 
1 -0.15 

0 

2.5 

0 

0 

0 



0.25 

0 

2.5 

0 

-0.11 

G 



0.97 

A 

0 

-1.0 

0 

0 

0 

UP TO 
32K LB 

•TAEM: ROLL MANEUVER 

U 

0.65 

40.12 

1.98 

41.28 

0.02 

40.13 


•TAEM: YAW MANEUVER 

0.90 

0.03 

41.25 

41.24 

1.0 

1.0 

0 

0 

0 

0 

0 

40.12 


•LANDING 

1.8 

-2.0 

41.0 

41.0 

4.2 

-0.3 

40.25 

40.25 

1.25 

0.75 

40.3 

+0.3 



* LIMIT-LOAD FACTOR IS DEFINED AS THE TOTAL EXTERNALLY APPLIED LOAD PER UNIT WEIGHT AT THE c.g. OF 
THF CARRIER/PAYLOAD AND CARRIES THE SIGN OF THE EXTERNALLY APPLIED LOAD. 

** CENTER Or ROTATION IS AT CARRIER/PAYLOAD c.g. 

PREFERENCE ICD 2-19001 FOR ADDITIONAL CONDITIONS. 


ficient carrier /payload case history Is collected, final design values for 
orbiter/carrier/payload Interface forces and carrier/payload design loads 
must be determined by coupled orbiter/carrier/payload dynamic analyses for 
these transient flight events. 

Emergency Landing Ultimate Load Factors 

To provide for crew safety during emergency landing, the large equipment 
Items, pressure vessels, payload attachments, and supporting structure must 
withstand the loads associated with the following ultimate load factors, 
acting separately: 


Longitudinal 

Lateral 

Vertical 

<+ Aft) 

(+ Right) 

(+ Up) 

+ 4.5 

1 

4- 1.5 | 

+ 4.5 

- 1.5 

- 1.5 

- 2.0 


3.6 MAXIMUM ALLOWABLE CARRIER/PAYLOAD- IMPOSED LIMIT LOADS 

The carrier /payload load factors and maximum allowable carrier/payload- 
imposed limit loads are related for identical flight and landing conditions. 
Hence, if the payload weight and its c.g. position are known, the payload 
attachment point reactions can be estimated and compared with the allowable 
limit loads at the designated attach points. This, in turn, will guide the 
positioning of a payload within the cargo bay, the design of the appropriate 
payload cradle, and/or the payload design. 

Representative maximum axial, vertical, and lateral limit loads which can 
be imposed on the longeron and keel bridges of the orbiter during the various 
flight events are presented in Table 3.6-1. To determine allowable loads for 
discrete payload attach points, refer to Appendix D of JSC 07700, Vol. XIV, 
Payload Accommodations. 

Allowable Axial (±X) Limit Loads 


During ascent, critical longeron compression loading occurs (1) at SRB 
post-staging, where payload inertial loads combine with thrust misalignment 
loads; and (2) at ortiter maximum g. During descent, critical longeron local 
tension loading occurs at TAEM and at landing, where payload inertial loads 
combine with thermal and maneuvering loads. 

The noted axial load capability applies at every point along the longeron 
bridge. However, during ascent, if X-loads are applied to a longeron at two 
or more attach points, the 4X-loads are cumulative, and their sum cannot exceed 
the allowable load for the aftnost employed payload attach point. 

Allowable Vertical (±Z) Limit Loads 


The tabulated ±Z^ loads apply only near, or at, the center of each 
bridge span; are valid for all flight conditions; and are noncumulative— 
whereas, the -Z s values, which are valid only during landing, apply at any 
position along the bridge and are cumulative about the main landing gear sta- 
tion at X Q 1180 (Z s loads are cumulative forward or aft to this station from 
the ends of the cargo bay) . 
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Table 3.6-1. Maximum Allowable Carrier/Payload- Imposed Limit Loads 



LIMIT LONGERON BRIDGE LOAD PER VEHICLE SIDE, 1000 LB 



ASCENT, +X 

TAEM, 

-X 

VERTICAL 

LOADS. ALL 

VERTICAL SHEAR 

LIMIT KEEL 
BRIDGE LOAD, 





UNSYM YAW 

Flight conditions 

LOAOS, LANDING 

1000 LB* 

BRIDGE SPAN 
FRAME TO FRAME 

SRB POST- 
STAGING 

MAXIMUM 
g ORBITER 

SYM PITCH 
MANEUVER 

MANEUVER 
& LANOING 

♦Z v 

" Z V 

V* 

ALL FLT A LANOING 
CONDITIONS, *Y 

582-636 

5.9 

17 



♦ 7 

53 

-65 

-19.3 

9 

636-693 

5.9 

17 



♦7 

58 

-72 

-57.2 

18 

693-750 

5.9 

17 



+7 

61 

-79 

-59.5 

33 

750-807 

11.4 

33 



♦15 

70 

-78 

-67.9 

46 

807-863 

11.8 

34 



♦15 

64 

-76 

-73.9 

56 

863-919 

18.7 

54 


■ 

♦19 

60 

-76 

-73.9 

57 

919-979.5 

19.0 

55 


♦27 

76 

-76 

-83.2 

70 

979.5-1040 

19.7 

57 

9 1 

■ 

♦25 

72 

-77 

-90.5 

80 

MO-1O90.33 

24.2 

70 

1 

m 

♦33 

71 

-77 

-96.9 

46 

1090.33-1140.67 

36.0 

104 

WM 

■ 

♦50 

98 

-109 

-105.4 

72 

1140.67-1191 

41.6 

120 

SB 

1 

♦76 

121 

-121 

-111.9 

68 

1191-1249 

41.6 

120 

■ 

fi 

♦76 

121 

-121 

-103.9 

56 

1249-1301.5 

38.1 

110 

■ 

■ 

♦50 

121 

-121 

-94.0 

- 


♦LIMITED BY CAPABILITY OF KEEL BRIDGE SUPPORT STRUCTURE IN *X DIRECTION 
♦♦given Z s VALUE IS AT FORWARD FRAME OF BRIDGE SPAN (i.e., -Z $ * -19.3 AT FRAME 582) 







ORIGINAL PAGE IS 
OF POOR QUALITY 


Allowable Lateral (±Y) Limit Loads 

The values in Table 3.6-1 are valid for all flight and landing conditions 
and are noncumulative. The ±Y capability is limited by the axial load capabil- 
ity of the bridge support structure, where an axial load results from the fric- 
tion force between the payload attach fitting and the bridge. 


3.7 CARRIER/PAYLOAD INSTALLATION (KSC) 


The concepts for carrier/payload installation and removal with the orbiter 
in a horizontal position at the Orbiter Processing Facility (OPF) or in the 
vertical position at the Payload Changeout Room (PCR) at the launch pad for 
KSC are illustrated in Figure 3.7-1. 



HORIZONTAL PAYLOAD 
INSTALLATION/REMOVAL 
IN ORBITER PROCESSING 
FACILITY (OPF) 


PAYLOAD CHANGEOUT 
AT THE LAUNCH PAD 


Figure 3.7-1. Carrier/Payload Installation (KSC) 

Upon installation of mission kits and orbiter checkout, the cargo bay 
will be cleaned and carriers/payloads installed. Interfaces between the orbiter 
and carriers /payloads will be verified by integrated tests. It may be necessary 
to provide for simulating equipment functions not operable in the earth environ- 
ment; as a result, carrier /pay loads should facilitate simple and end-to-end 
functional tests. Unique carrier/payload ground support equipment should be 
easily integratable into integrated orbiter-cargo checkout operations. Payloads 
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should be designed to minimize the need for ground servicing, calibration, 
and operation, and operation once installed in the orbiter. Payloads are 
not normally accessible after closure of the cargo bay doors, except througn 
the orbiter cabin. 

A carrier/payload can also be installed with the orbiter in the vertical 
position at the Payload Changeout Room, which encloses the cargo bay. Instal- 
lation or removal of carrier/payloads at the PCR is with the use of the payload 
ground handling mechanism (PGHM). The minimum distances between PGHM trunnion 
arms may be greater than actual distances between trunnions on adjacent cargo 
elements as installed in che cargo bay. Constraints on these clearances are 
shown in Figure 3.7-2 (Rockwell 1980 (f)). Although these constraints do 
not apply to horizontal payload installation, they affect capability to 
remove or changeout payloads ; once the orbiter is stacked vertically on the 
launch pad. As a general guideline, PGHM restrictions should be considered. 

In both the OPF and PCR, cargo bay temperature and humidity are con- 
trolled using filtered air at 70 + 5°F, and 45 _+ 5X RH. The final purge on 
the launch pad prior to launrh is”"per formed using dry nitrogen. 

On the launch pad, following installation, payload signals can be moni- 
tored via an umbilical interface. 
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PAYLOAD GROUND HANDLING MECHANISM (PGHH) 
MINIMUM CLEARANCES 


49.2 IN. 


35.4 IN. 


STABILIZATION FITTING (TYP) 
JPRIMARV FITTING (TYP) 


CARGO 

BAY 

ENVELOPE 






3.8 ELECTRICAL INTERFACES 


Packaging and installation of equipment and materials for delivery by the 
Shuttle orbiter will typically require electrical connections to the orblter 
for power, data, and control functions. Of particular concern in space construc- 
tion are potentials for (1) disconnecting and connecting power, data, and signal 
lines in space, and (2) routing, deploying, and retracting flexible electrical 
umbilical lines. As in the case of any orblter payload, all electrical lines, 
connectors, and support attachments must withstand the 3-g accelerations during 
ascent as well as the vibration and the descent/landing loads. This section 
deals pr ima rily with identifying the physical locations and electrical load 
carrying capabilities of the electrical interfaces. However, it is recognized 
that the design of the payload side of these interfaces must be based primarily 
on the orbital functional requirements and their interactions with the overall 
electrical power system characteristics of the orbiter, which are described more 
fully in Section 4.10. 

3.8.1 Orbiter/ Cargo Power Interface Characteristics 

Table 3.8-1 summarizes characteristics of orbiter/cargo power interface 
capabilities, which can also be viewed as forming constraints on the number and 
type of orbiter/cargo power interface connections. Fvrther amplification is 
offered by the summary statements in Table 3.8-2 and supporting illustrations 
(Figures 3.8-1 through 3.8-3) referred to therein. Additional information and 
special qualifications are available in Space Shuttle System Payload Accommo- 
dations (NASA, 1980 (a)). ' 

In general, the designer should strive to use the Standard Mixed Cargo 
Harness (SMCH) whenever possible, since this will save extensive development 
time, checkout/integration time and coats. The SMCH is described in Roels 
(1979), and Rockwell Interface Revision Notice SD-176A (Jones, 1980). 

3.8.2 Orbiter/Cargo Command a nd Data Handling Interfaces 

Shuttle constraints regarding cotmnand and data (also called signal and con- 
trol) cables from the orbiter to the payload are similar in many respects to 
those for electrical power (see Section 3.8.1). However, orbiter command and 
data cables are separated from power cables, to the degree feasible, to reduce 
electromagnetic interference. Also, different routings are required to assure 
capability to route such lines to the control and display equipment in the 
crew cabin. Table 3.8-3 provides a checklist of pertinent constraints and 
references to explanatory illustrations. Some repetition of constraints in 
Table 3.8-2 will be noted, since these serve as a reminder of those special 
integration considerations involving power cables and fluid lines. Similar 
considerations apply to use of the SMCH as for the power interfaces. 

3.8.3 Ground Umbilical Connections 


Power and signal interface capabilities are also provided from ground 
facilities to the orbiter payload prior to launch. Constraints on such power 
and signal lines are listed in Table 3.8-4. 
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Table 3.8-1. Orbiter/Cargo Power Interface Characteristics 
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Table 3.8-2. Checklist: Cons taints Involving Orblter/Cargo Electrical Power 

Interfaces for Payload Packaglng/Installatlon and Ascent/Descent Modes 


( ) CONSTRAINTS /• QUALIFICATIONS 


IMPLICATION* 


( ) Total cargo bay power is Halted to 1 kW 

during orbltar power-up mode, i.e., ascent 
and checkout. (R-l) 

• This power Is the sua of all power from 
aid-bay, auxiliary, and aft buses. 


Rockwell, 1980 (b): 
SSV 80- 1 

Llalts power for 
environmental control, 
heating, etc., of 
cargo in bay. 

Limits total energy 
demand. 


( ) Total power available to all payloada, lnclud- Rockwell, 1980 (b): 

lag that in the cabin. Is 1350 watts contin- SSV 80-1 
uous during ascent and descent configuration. 

(R-l) Definea limits for 

displays and controls 

* Op to 350 watts of this may be consumed In ascent/descent, 

by payload-unique equipment in the crew Limits total energy 

cabin. demand. 


( ) Total peak power for payload during ascent Rockwell, 1980 (b): 

or descent Is 1920 watts. (R-l) SSV 80-1 

• Up to 420 watts of this may be consumed Limits total energy 

by payload-unique equipment In the crew demand, 

cabin. 
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Tabic 3.8-2. Checklist. Constraints Involving Orbitar /Cargo Electrical Power 
Interfaces for Payload Packaging/ Installation and Ascent /Descant Modes (Cont.) 


( ) CONSTRAINTS /• QUALIFICATIONS 


( ) Orbitar subsystems ara in the ascent or 

descent operational configurations during a 
portion of the prelaunch checkout, through- 
out the launch, ascent to orbit, entry, and 
landing phases of a mission; and up to 
30 minutes of post-landing time. (4-1) 


( ) Use of power from all sources is limited by 

heat rejection capability. (R-i) 

•See Section 4.13 for discussion 
of heat rejection capability. 


( ) Power buses must be isolated on the payload 

side of the electrical interface, except for 
the auxiliary buses (EMI/EMC considerations) 

(R-l) 

•Electrical conduction analysis and disposi- 
tion is required whenever electrical power 
is run to payload structure while the pay- 
load item is mechanically connected to 
orbiter structure. 

• See noted reference for electrical bonding 
requirements. 


( ) Payload shall use standard mixed cargo 

harness (SMCH) whenever possible. (R-l) 

• See Figure 3.8-1. 

•See noted reference for details of SMCH 
design requirements. 

•Payload may supply unique cable to power 
supply panels at additional expense (not 
recommended) . 


mumi: 


IMPLICATIONS 


Rockwell, 1980 (b): 

SSV 80-1 

Data useful for defin- 
ing total mission 
energy requirement, 
design of equipment. 


Rockwell. 1980 (b): 
SSV 80-1 

Implies consideration 
of water for boiling 
to reject heat. 


Rockwell*, 1980 (b): 
SSV 80-1 

Affecta detail design 
of structure, EMI/EMC 
analysis efforts and 
procedures. Required 
for all electrical 
equipment in payload. 


•Roels, D.P., 1979: 
SMCH-DRD-0001 
• Rockwell. 1980 (d) 

Affects design of 
cable connections, 
deployment capabil- 
ity, weight, cost. 











Table 3.8-2. Checklist: Constraints Involving Orbitsr/Cargo Elsctrical 

Intsrfscss for Payload Packaging/Installatlon and Ascent /Descent Modes (Cont.) 


( ) CONSTRAINTS /• QUALIFICATIONS 


) Elsctrical power can ba auppliad to payloada 
in ths cargo bay at ths following* 

(R-l) 

• Mid-bay and auxiliary powar connactora ave 
located balow tha starboard door longaron 
at Station Xo645. Thara ara two aain powar 
connactora and two auxiliary pcwar connact- 
ora at thia location. Sac Figura 3.8-2. 

* Secondary intarfacas ara provided at 
Station ^1203 on tha alarboard side 
on tha wira tray. Saa Figura 3.8-3. 




Rockwall, 1980 (b): 
SSV80-1 


NASA, 1980 (a): 
JSC-07700, Vol. XIV 
I CD 2-19001 


Af facts design of 
interface harness 
from payload to 
powar connectors. 


Payload-unique equipment in tha craw cabin 
receives powar from two additional inter- 
facaa. (R-l) 

• Location: Saa noted reference . 


( ) Whore two payloada share tha same arbiter 

power bua, protected feeder lines with 
independent switching, where required, can 
ba provided to each. (R-l) 


NASA 1980 (a); 


Affects design of 
display and control 
equipment in crew 
cabin (aft flight 
deck) 

Rockwell, 1980 (b): 
3SV 80-1 


Affects switching 
function design 


( ) Equipment requiring maximum power demand 

(up to 7 kU continuous with 12 VW peak for 
5 min/ 3 hr operation) must be connected to 
the mid-bay power connectors. (R-l) 


Rockwell, 1980 O): 
SSV 80-1 


Affects design of 
harness to construe* 
tlon fixtures, 
heaters, beam- 
builders 


3-38 











Table 3.8-2. Checklist: Constraints Involving Orbiter /Cargo Electrical Power 

Interfaces for Payload Packaging/Installation, and Ascent /Descent Modes (Cont.) 


( ) CONSTRA I NTS / « QUAL I F I CAT I ONS 

( ) The cargo element user shall provide power, 

signal, and fluid interfaces, as required, 
within 540-in. volumes forward of each 
longeron trunnion as illustrated in Figure 
3.8-4. The cargo element shall provide 
support for fluid lines and power and signal 
cables within 18 in. of the interfaces 
located above with adequate allowance for 
mating and demating of connectors. The 
cargo element shall also provide additional 
cable and fluid line support, as required, 
such that there shall be no unsupported 
lengths of cables or fluid lines greater than 
18 inches. (R-l) 

•Requires integration with signal and 
fluid interfaces. 


( ) The orbiter shall provide scar in the mid- 

body for the attachment of cargo element 
hardware at locations shown in Figure 3.8-5. 
The load-carrying capability shall be such 
that a 10-lb weight can be carried at each 
scar location simultaneously. Use of this 
scar by each cargo element shall be limited 
to that specified in its unique I CD. 

(R-l) 


( ) Electrical cable trays are provided in the 

mid-body (starboard and port sides) for 
support of the SMCH or cables connecting 
two or more payload elements. (R-l) 

• See Figure 3.8-1. 

• If standard orbiter cable trays are not 
used, the payload must provide its own. 


REFERENCES 

IMPLICATIONS 


NASA, 1980 (a): 

JSC 07700, Vol. XIV 
ICD 2-19001 

Affects design of the 
electrical cable sup- 
port. Also influences 
other provisions for 
connections to orbiter. 


NASA. 1980 (a)? 

Influences attachment 
design for the elec- 
trical cables to 
payload from orbiter. 


NASA. 1980 (a): 

Affects design of 
electrical support 
equipment for pay- 
load bay packaging. 
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Figure 3.8-2. Payload Electrical Power Service Panel (Xo 645) 




rfrr 



400.00 
M.00 

172.00 

326.11 

321.42 

316.17 

112. *0 

301.63 

*0 



NOTE: For specific details of hole patterns at each scar 

attach point, see Space Shuttle System Payload 
Accommodations, JSC-07700, Vol. XIV, Rev. F, 

I CD 2-19001, p. 3-45B. 


Figure 3.8-5. Mid-Body Scar Attachment Provisions 
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Table 3.8-3. Checklist: ConeCreinte Involving Cargo/Orbiter Signal 

and Control Cables in the Orbitcr Fayload Bay 


( ) CONSTRAINTS / •QUALIFICATIONS 


Data Bus Interface at X„ 693. The mid-body 


data bus access panel port and starboard 
interface are defined in Figure 3.8-6. These 
panels are not available for cargo use unless 
the requirement is defined in the payload- 
unique ICD. (R-l) 

•See Figure 3.8-6 for apecific locations 
of this interface. 


REFERENCES 




NASA, 1980 (a): 

JSC 07700, Vol. XIV, 
ICD 2-19001 


Affects design of data 
cabling and routing 


A portion of the orbiter standard mixed 
cargo harness (SUCH) is provided for con- 
necting payload data and command to the 
orbiter at Station X Q 693. Details are 
provided in the reference. (R-l) 


•Payload designers shall design for 
utilization of the SMCH. 


Roe Is, D. P . , 1979 : 
SMCH-DRD-0001 

PIRN 176A to ICD2- 
19001, NASA 1980(a) 

Affects routing of 
data and command 
lines 


SMCH signal and control cables to payloads 
shall interface with panels located on the 
port side of the cargo bay at forward 
Station X.603 and aft Station X.1203 (Figure 
3.8-7). 


NASA, 1980 (a): 

JSC 07700, Vol. XIV, 
ICD 2-19001 


SMCH cables shall be available as GFE from 
Station X Q 603 directly to payloads in the 
cargo bay. See the noted reference for 
additonal details involving locations, pin 
layouts, keyweys and matching connectors. 


NASA, 1980 (a): 

JSC 07700. Vol. XIV, 
ICD 2-19001 

Affects design of 
attach cables 


Signal and control cables may, under some 
conditions, interface directly with service 
panels at the forward bulkhead (Sta. 376) 
and the aft bulkhead (Sta. 1307). In all 
cases', these must be agreed to and defined 
in payload-unique ICD's. (R-l) 


NASA, 1980 (a): 

JSC 07700, Vol. XIV, 
ICD 2-19001 

Rockwell, 1980 (b): 
SSV 80-1 


•See Figure 3.8-8. 
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Table 3.8-3 Checklist: Constraints Involving Cargo/Orbiter Signal 

and Command Cables in the Orbiter Payload Bay (Cont.) 


( ) CONSTRAINTS /‘QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) All signal and control cables to payloads 

NASA, 1980 (a): 

shall be routed through the standard orbiter 

JSC 07700, Vol. XIV, 

payload bay cable trays up to the egress 

ICD 2-19001 

mount . 



Same aa for power, but 

• Inter-payload cables also may be routed 

EMI analysis may die- 

through these cable traye. 

tate which side of 


bay. 

• Special cable supports may be supplied 


by payload. 

* 

•An egress must be installed to provide 


an optimum routing for the payload wire 


harness/coax cables to interface with a 


payload. 


( ) Power, signal and fiwi-’ interfaces at cargo 

NASA, 1980 (a): 

elements. The cargo el-*ment user shall 

JSC 07700, Vol. XIV, 

provide power, signal and fluid interfaces 

ICD 2-19001 

as required, within 540 in. 3 volumes for- 


ward of each longeron trunnion as shown in 

Affects design of the 

Figure 3.8-4. The cargo element shall 

electrical cable sup- 

provide support for fluid lines and power 

port . Also Influences 

and signal cables within 18 in. of the 

other provisions for 

interfaces located above with adequate 

connections to arbiter. 

allowance for mating and desisting of con- 


nectors. The cargo element shall also 


provide additional cable and fluid line 


support, as required, such that there 


shall be no unsupported lengths of cables 


or fluid lines greater than 18 in. (R-l) 


• Requires integration with power and 


fluid interfaces. 


( ) Mid-Body Scsr. The orbiter shall provide 

NASA, 1980 (a): 

scar in the mid-body for the attachment of j 

JSC 07700, Vol. XIV, 

cargo element hardware at locations shown i 

ICD 2-19001 

in Figure 3.8-5. The load-carrying caps- 


bility shall be such that a 10-lb weight 

Influences attachment 

can be carried at each scar location 

design for the elec- 

simultaneously. Use of this scar by each 

trlcal cables to 

cargo element shall be limited to that 

payload from orbiter. 

specified in its unique 1CD. (R-l) 
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Table 3.8-3. Checklist: Constraint* Involving Cergo/Orbiter Signal 

and Control Cablet in the Orbiter Payload Bay (Cont.) 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES"" 

IMPLICATIONS 


( ) All cargo bay electrical bonding interfaces NASA* 1980 (a): 

shall be prepered in accordance t ith the JSC 07700, VOL. XIV, 

noted reference . ICD 2-19001 








Figure 3.8-7. Forward (X o 603) and Aft (X o 1203) Interface Panels 




Figure 3.8-8. Locations of Signal and Control Service Panels 

at Station X 576 Bulkhead 
o 
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Table 3.8-4. Checklist: Constraints Involving Electrical Ground 

Umbilical Connections to Payloads 


( ) CONSTRAINTS /• QUALIFICATIONS 


The orbiter shall provide for installation 
of electrical (and fluid) services to the 
cargo from GSE in the mid-body pre launch 
umbilical panel as shown in Figure 3.8-9. 

(R-l) 


) The port and starboard (T-4) umbilical panels 
(Payload/OMS Delta V Umbilical Panels end 
Dump Provisions) are shown in Figure 3.8-10. 

(R-l) 


( ) The T-0 Umbilical Panels are shown in 

Figure 3.8-11. The port side is for fuel. 
The starboard side is for oxidizer. (R-l) 
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Figure 3.8-10. T-A Payioad/OMS Delta V Umbilical Panels and 
Dump Provisions (Routing Concepts) 


Design for large specs structure components evaluated to date of this 
publication generally have not required extensive concern for services from 
GSE to payload items. Therefore, further details of these Shuttle system 
capabilities do not appear in this document. 



Figure 3.8-11. T-0 Umbilical Panels 

t 
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3,9 FLUID INTERFACES 


Soma payloads aaaodacad with larga apaca structurss may require cooling 
aarvlcaa provldad by Cha orbitar. In such cases, fluid Unas need to be con- 
nected between the payload and the orbitar heat exchanger. Decisions on the 
size and locations of such lines will depend on the cooling capability 
described later In Section 4.13. 

In addition, tjhe orbitar can provide .O 2 /N 2 to the payloads. If desired. 

Provisions for the above fluid connections are combined at a heat exchanger 
coolant and O 2 /N 2 supply Interface panel In the payload bay, at Station Xq 636 
(see Figure 3.9-1 and NASA 1980(a), I CD 2-19001, p. 3-41). The constraints 
applicable to fluid lines are further amplified and summarized in Table 3*9-1. 


mm ► 


Xo 632.19 3o 629.44 



PORT SIDE ONLY 


Figure 3.9-1. Heat Exchanger Coolant and O 2 /N; 
Supply Interface Panel at Xq 636 
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Table 3.9-1* Checklist: Capabilities and Constraints Involving Fluid 

Interfaces between Payloads and Orblter 


( ) CONSTRAINTS /-QUALIFICATIONS 


REFERENCES 

IMPLICATIONS 


( ) A service panel Is provided In the cargo bay 

for connecting coolant and 0 2 /K 2 lines from payloads 
to the orblter. (R-l) 

* The panel is nominally located at Station X 0 636 
on the port side. 

• See Figure 3.9-1. 


( ) Cargo element fluid lines shall be attached by 

payload supplied hardware to scar (mounting provis- 
ions) provided in the cargo bay. (R-l) 

* See Figure 3.8-5 and Table 3.8-3 for load- 
carrying capabilities. 

* Scar provisions may be utilized for either 
electrical or fluid lines 

( ) Power, signal and fluid Interfaces at cargo 

elements. The cargo element user shall provide power 
signal and fluid Interfaces, as required, within 
540 in^ volumes forward of each longeron trunnion as 
illustrated in Figure 3.8-2. The cargo element shall 
provide support for fluid lines and power and signal 
cables within 18 In. of the Interfaces located above 
with adequate allowance for mating and demating of 
connectors. The cargo element shall also provide 
additional cable and fluid line support, as required, 
such that there shall be no unsupported lengths of 
cables or fluid lines greater than 18 Inches. 

(R-D 

* Requires Integration with electrical power 
and signal cables to payload from orblter. 


NASA, 1980 (a): 
JSC-07700, Vol. XIV, 
I CD 2-19001 


NASA, 1980 (a): 
JSC-07700, Vol. XIV, 

I CD 2-19001 

Affects attachments 
design and routing of 
fluid lines for pay- 
load connections to 
orblter. 

NASA, 1980 (a): 
JSC-07700, Vol. XIV, 

I CD 2-19001 

Affects design of the 
fluid line supports. 
Also Influences other 
provisions for con- 
nections to orblter. 


3.10 CONTAMINATION CONTROL 

The subject of contamination control in relation to design of large space 
structures is considered a concern more closely related to on-orbit operations 
than to preparations for delivery. The majority of information regarding this 
subject is provided in Section 4.14, which includes purging and venting through- 
out the orbiter flight from pre-launch to post-landing. For the most part, 
the individual payload designer will be responsible for packaging his equipment 
to protect it from atmospheric contamination and corrosion. However, no special 
shuttle constraints or guidelines pertaining to such packaging have been identi- 
fied at this time. 
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4.0 DESIGNING FOR SHUTTLE ORBIT OPERATION CAPABILITIES 


The shuttle constraints and guidelines in this section are those most 
clearly* directly* and uniquely related to design of large space structures 
and installed systems. That is* the emphasis in Section 4.0 is on the 
potential on-orbit operations involving use of Orbiter systems, components* 
and crew for constructing* maintaining and otherwise working with large space 
structures. The presentation begins wish considerations of berthing* docking 
and separation. This is followed by the closely related concerns for attitude 
control. The remainder of Section 4.0 primarily concerns payload handling 
and system interface characteriatics which may be of concern to designers of 
large space structures. 

4.1 BERTHING* LOCKING AND SEPARATION 

Large area space systems will typically require more than one Shuttle 
flight to complete the construction process. Thus* the capability for revisit 
docking/berthing to the partially completed space structure is a basic construc- 
tion requirement. it follows that a means to safely separate the Orbiter from 
the partially or completely constructed space project also must be available. 
This section deals primarily with Shuttle provisions, constraints and guidelines 
involving the Orbiter control and interfacing hardware for berthing* docking 
and separation. The associated issues of attitude control of the Orbiter* large 
space structure and combination of both are covered in Section 4.2. 

4.1.1 Definitions^ 

Equipment and procedures constraints and guidelines are significantly 
different according to the means of joining the Shuttle Orbiter to the large 
space structure. The following definitions are essential to subsequent discuss- 
ions: 

Docking is defined as the joining in space of two spacecraft or spacecraft 
modules by maneuvering one into contact with the other, at the docking inter- 
face, using reaction control thrusters. 

Berthing is defined as the joining in space of two spacecraft or spacecraft 
modules by maneuvering one into contact with the other, at the berthing inter- 
face* using a manipulator. 

In the context of this document* berthing and its reverse* unberthing, of 
modules to the large space structure are considered under the heading of "pay- 
load deployment and handling", discussed mostly in Sections 4.4.4 and 4.5 
through 4.7. The following discussion deals with joining and separation of 
the Orbiter to the main large space structure. 


"Caution : Not a controlled document! See appropriate reference 

documents for current data." 
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Th« basic capabilities of the Orbitar to provide tha rev? sit requirement 
are outlined in tha following paragraphs. Individual space contractor projects 
may differ in their revisit needs and terminal closure geometries. Thus, key 
capabilities and considerations are discussed for both berthing and docking 
type revisits. 

4.1.2 On-Orbit RCS Control Modes 


The Orbiter flight control system is mechanised to perform a number of 
different rotational and translational maneuvers options. These are summarized 
in Table 4.1-1. Any primary RCS translation mode may be selected in combination 
with any primary RCS rotational control mode. Only rotational control modes 
are available with the vernier RCS system and combined primary and vernier RCS 
modes are not possible. In addition to the modes identified in tha table, an 
alternative mode for applying small AV's in the +Z body direction is being 
implemented. This mode is called +X PRCS or "low-Z" braking in various sources 
and is principally used to minimis? plume impingement effects of proximity 
braking maneuvers. It utilises the +Z B component of thrust associated with 
the forward and aft X-thrusters of the primary RCS system (See Table 4.1-2). 

Both fore and aft-thrusters are fired simultaneously to cancel their Xg compon- 
ents of thrust and to produce a net +Zg component of thrust. This mode is 
relatively fuel inefficient (approximately 9 times the propellant used by direct 
Z-thruster firing) but results in significant reductions in plume impingement 
effects for many target vehicle configurations. 

Most revisit terminal closure operations will be performed with the 
relative closure motion along the Orbiter Z-body axis to allow visual alignment 
of the target vehicle with the COAS (crewmans optical alignmant sight) which is 
installad in tha starboard overhead window in the aft flight deck (See Sections 
4.9.3 and 3.1). During this closura maneuver the Orbiter attitude will be con- 
trolled to match tha target vehicle attitude, either using inertial hold (IH) 
or local vertical hold (LVH), with the Orbiter dccking/berthing port face aligned 
to the target vehicle port. Initial phases of the terminal closure will likely 
use acceleration command modes to establish tha basic closing velocity and align- 
mant. Subsequent trim maneuvers will likely employ pulse command modes at, or 
near tha minimum impulse levels of the system. 

Although specific piloting techniques remain to be developed through simu- 
lation activity and on-orbit flight experience, the above concepts are represen- 
tative of the current best insights into the terminal closure operation. It may 
be further noted that certain target vehicle characteristics tend to influence 
the preferred closure path. For example, V-bar (7) approaches (along the orbit 
velocity vector) are preferred for activity stabilized target vehicles because 
of the ease with which initial station keeping operations can be performed 
prior to tha terminal closure maneuver. On the other hand, R-bar (£) approaches 
(along tha earth radius vector) are preferred for lightly damped, gravity 
gradient stabilized target vehicles. This approach utilizes orbit mechanics 
effects to assist in final braking maneuvers thus reducing plume induced motions 
on the target vehicle. Thus, project related factors must be considered in 
resolving overall system requirements imposed by the revisit requirement. 

The ranges of attitude rates and dead bands and translation AV's currently 
specified for the Orbiter are summarized in Table 4.1-2. 
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Table 4.1-1. On-Orbit RCS Control Mode 


1 

Mode 

Manual 

or 

Auto 

Selec- 
table per 
Axis 

“"Ver 

or 

mar 

nier 
Pri- 
y RCS 

Comments 

M 

A 

Yes 

No 

H 

H 


Accelerations 

command 




| 



Continuous acceleration per 
selected axis while RHC out- 
of-detent; otherwise, free 
drift 

Pulse command 







Single pulse per selected 
axis per deflection of the 
RHC; pulse size selectable 
(down to 8 msec) 

Discrete rate 
command/atti- 
tude hold 

H 






While RHC out-of-detent, 
rotates at selectable ma- 
neuver rate; otherwise 
maintains attitude hold 

Automatic (dis- 
crete rate 
command atti- 
tude hold)* 







Same as above; however ac- 
cepts GAN attitude and rate 
commands (interruptable by 
RHC deflection) 

T1 

R 

A 

N 

S 

l 

A 

T 

I 

0 

M 

Acceleration 

command 







Continuous acceleration per 
selected axis while THC 
out-of-detent 

Pulse command 







Single pulse per selected 
axis per deflection of the 
THC; pulse size selectable 
(down to 8 msec) 


*GAN commands while In automatic rotation mode provide functions of 
(1) tracking (e.g., local vertical), (?) barbecue (thermal control), 
(3) attitude reorientation maneuvering, and (4) possible steering 
commands during automatic translation 


Reference: NASA 1980(b), Vol. I 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


Table 4.1-2. Dap load Parameters' 


TNresftold for open- loop deg/ sec 
ACS off -4* is coupling 
compensation firing 


Attitude deadband, 

ACS 

Maneuver rate, 
automatic and manual 
discrete rate ACS 
rotation 

Altetf acceleration 
option (nominal , 
lou using fud ACS, 
low using aft ACS) 

Van acceleration 
option (nominal . 

Ion using fwd ACS, 

Ion using aft ACS) 

Payload configura- 
tion (payload not 
extended, any of 
flee payload- 
extended configura- 
tions) 

Rata deadband, 

ACS rotation 

Manual ACS rota- 
tion pulse size 

Manual ACS trans- 
lation pulse size 

Nominal average con- 
trol accel.RCS rota- 
tion, payload not 
extended, primary ACS 

Nominal avg. control 
accel.RCS rotation, 
yload not extended, 
niier ACS 



deg/sec yes 
deg/sec yes 

ft/ sec 
deg/sec 2 


Range 

PRIM: 

.00 to 

.99 

VERN: 

.000 to 

.999 

0.010 

to 40.000 

PRIM: 

0.050 to 2.000 

VERN: 

0.002 to 1.000 

1 to 

3 


1 to 

3 


0 to 

5 


PRIM: 

0.2 to 

5.00 

VERN: 

0.01 to 

.SCO 

PRIM: 

0.04 to 

1.00 

VERM: 

0.001 

to 0.500 

0.01 

to 5.00 

a 

TBO 



TBO 




Reference: Rockwell 1980(a) 

^Parameters to be loaded into digital autopilot system. 
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4,1.3 Orbiter Docking Capabilities 

CurrcnC Orbiter requirements cell for the capability of crew-controlled 
docking end undocking to other compecible orbiting elements during either day- 
light or darkness conditions. Further, the Orbiter will be the active vehicle 
in terms of both closure trajectory management and docking mechanisms. Impact 
attenuating and active latching elements will be on the Orbiter side of the 
docking interface. Figure 4.1-1 illustrates the current design concept for 
these devices. They are to be incorporated ir. a standard docking module which 
is installed aft of the forward bulkhead of Orbiter payload bay as illustrated 
in Figure 4.1-2. (Note: These illustrations combine information from MCR 5546 

(Rockwell 1980(e)) and JSC-07700 (NASA 1980(A)) at the time of preparation of this 
report. Alternative docking adapter concepts have been studied for use in 
conjunction with large power modules and large space structures. An example is 
a McDonnell Douglas (1980) study of an advanced science and application space 
platform. This study includes example analyses of dynamic interaction 
forces at time of docking. Studies were also underway at the time to divide 
the docking module hardware into three modular parts, a tunnel adapter, a docking 
module and a support structure, as shown in Figure 4.1-3. The proposed geometry 
would be altered slightly from that of Figure 4.1-2, as indicated in Figures 
4.1-4 and 4.1-5. The upper, docking module structure could also be replaced 
with an open framework concept, similar to that proposed for a 25-kW power 
system reference configuration (Figure 4.1-6), when unmanned operations are 
considered (no shirtsleeve transfer of crew to habitable module). Further 
implications of docking module concepts on crew EVA operations are discussed in 
Section 4.8.1. 



Figure 4.1-1. Docking/Berthing Port Mechanism Concept 
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Figure 4.1-2. Baseline Docking Module Concept for Orbiter 
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Figure 4.1-3. Proposed Alternative Docking Module Concept 
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However, it is expected that the alternative hardware will not affect signi 
ficantly the following consents regarding attitude control during docking and 
berthing. Within this general concept, the Orbiter vehicle shall cause "capture 
of the payload and after initial docking contact, continued force may be applied 
to the vehicle until "hard" capture is completed and verified. Table 4.1-3 
specifies the range of docking contact condition currently specified for the 
Orbiter (Para. 3. 2. 3. 6. 4.1, Orbiter End Item Spec MJ07Q-0001-1B) . Concept 
studies covering a variety of space systems have investigated docking require- 
ments and design implications using slightly different values for the contact 
conditions. An example is shown in Table 4.1-4. The envelope of contact cond- 
itions presented in these tables is representative of the likely final Orbiter 
capabilities and is suitable for preliminary analyses of docking type revisit 
operations • 


Table 4.1-3. Orb iter/Payload Contact Conditions 


Parameter 


Relative contact velocity (-Z) 

0.5 fps 


0.05 fps - lower limit 

Relative lateral velocity (X, Y) 

(0. £ 0.1) fps 

Relative angular velocity (3 axes) 

£l.O deg/sec about any axis 

Relative lateral misalignment 

0 ♦ 0.5 ft 

(Orbiter X, Y) 


Relative angular misalignment 

0 + 5 deg about each axis 

(Orbiter pitch, roll) 


Relative rotation misalignment 

0 + 7 deg 

(Orbiter yaw) 



Rsfsrtoct: Orbiter Vehicle tod I tea Specification for the Space Shuttle Syeten, 

fart X, Ferfomence and Design la quire Bents. Spec. Mo. MJ070-0001-IB 


Table 4.1-4. Example of Docking Contact Conditions 


0. 16 - 0 .5 fps 
£0.2 fps 
£0.6 deg/sec 
£ 0.75 ft 

£ 5.0 deg (roll) 
<6.0 deg (pitch/yaw) 


Axial Closing Velocity 
Lateral Velocity 
Angular Velocity 
Lateral Misalignment 
Angular Misalignment 
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4.1*4 Orbiter/RMS Bert hing Ca pabilities 

An alternative to the direct docking approach for revisit operations is 
the use of the Remote Manipulator System (RMS) to perform the final physical 
attachment between the Orbiter and the target vehicle. With this concept the 
terminal closure is performed in much the same manner as for direct docking, 
that is, with or 5 approaches using closing vehicles along the Orbiter Z-body 
axis. However, in this case a braking maneuver to null the main closing velocity 
is performed when the target vehicle is within the reach envelope of the RMS 
(See Section 4.5.2). Following the braking maneuver, the RMS is used to grasp 
and remove residual motions between the Orbiter and the target vehicle and then 
to reposition, orient and berth the target vehicle to the Orbiter. 

The currently defined capabilities of the RMS to track, grasp and arrest 
the residual motions of a target vehicle are summarised in Table 4.1«5. These 
capabilities are based on RMS operational scenarios involving the deployment, 
handling and retrieval of payloads (See Section 4.5) and not on the problem of 
berthing the Orbiter to large free-flying systems. Thus, additional analyses 
of the berthing operations and procedures must be performed. Many project 
unique factors must be considered as illustrated in the following simplified 
example problem. 


Table 4.1-5. RMS Capabilities for Berthing 


Passive Stabilized Target 

< 15 inches 
<0.05 inches/sec 

Active Stabilized Target 

Dead board 

<1 deg (all axes) 

Rate 

<0.1 deg/sec (all axes) 

Graple Motion 

<3.0 inches 

Relative Velocity Orbiter/Target 

<0.1 fps 


Reference: RMS Users Conference, 30 May - 1 June 1979. 
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Example Motion Arr««t with tha RMS 


The fund ant at al ravisit "problem" it dapictad in Figure 4.1-7. It it a 
two -body problem with each body having ita own matt propartiaa and six-dagraa- 
of freedom (DCF) motion. The Shuttle mutt be flown in a fail-tafe approach 
trajectory that eliminates the poatibility of an inadvertent collition with 
the target system. This requires precise AV control of the terminal closure 
path while simultaneously maintaining line-of-signt visibility to the target. 

This precision control is hampered by attitude control coupling with transla- 
tion control due to RCS thruster geometry and minimum impulse size. 

The target vehicle will typically be librating with amplitudes and rates 
that could be significantly affected by plume impingement from proximity RCS 
firings. The RMS must reach out, track, and engage the target structure and 
then arrest its relative motion. The capability of the Orbiter/RKS combina- 
tion to perform this sequence is greatly affected by the mass properties, 
hook-up geometry, and dynamic motion of the large area system to be engaged. 

As a preliminary step in looking at this problem, a simplified model of 
the engagement dynamics was formulated by Rockwell International (1979a). 

This model and the resulting safe engagement requirement; are shown in Figure 
4.1-6. In this model, the Orbiter was assumed to represent an infinite mass, 
thereby reducing the situation to a one-body problem. The target mass proper- 
ties and engagement geometry are shown in the figure. It was further assumed 
that the translation component of relative motion (X) must be arrested withiu 
6 meters (20 feet). This allows ample time (100 to 200 seconds) for the RMS 
to track and grasp the target and then stop it before it travels out of reach. 
Similarly, the rotational motion was assumed to be arrested within a rotational 
angle of 30 degrees, thereby allowing adequate clearance between the Orbiter 
and the target structure. Further, these "stopping" actions were constrained 
by the 67 newton (15-pound) tip force and 800 newton-meter (600 ft-lb) joint 
hinge moment limits associated with the RMS. 

The resulting safe closure conditions are shown at the lower right of 
the figure. Relative X's range from 0.03 to 0.06 mps (0.1 to 0.2 fps) in combina- 
tion with relative 0's of 0.05 and 0.01 deg/sec. These are based on a single 
DOF Model along with many other assumptions. Allowance for additional degrees 
cf freedom will likely reduce these limits. Thus, careful attention must be 
focused on the librating motion of the partially completed space platform. 

4.1.5 Construction Project Stabilization Between Visits 

Both the direct docking and the RMS berthing techniques require reasonably 
stabilized target vehiclfeS to tveet the revisit requirements. Librating motions 
induced by various disturbance environments must be reduced to acceptable levels 
for safe berthing or docking operations with the Shuttle orbiter. Many space 
construction projects will be of sufficient size /magnitude that installation 
of their functioning attitude control system will not be possible on the first 
construction mission. Thus, some auxiliary system is required which may either 
be part of the construction system or a temporary unit installed on the project 
system. 
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Figure A .1-7. The Re via it /Berthing Problem 
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Figure 4 .I -84 Safe Terminal Closure Criteria 


The choice of an auxiliary system concept for meeting the intended stabi- 
lization requirements between construction visits is dependent upon many pro- 
ject-related factors. These include project size, shape and mass properties, 
the relative location of the revisit interface with respect to its e.g. and 
mass properties and the structural integrity of the partially completed con- 
struction project at the end of each construction mission. Possible sensi- 
tivities to plume impingement effects from proximity firings of orbiter RCS 
thruster must also be considered. Depend inc upon these factors, the revisit 
stabi iization concepts could range from simple, lov-cost libration damping 
concepts to full capabilities attitude control systems in which designated 
orientation could be cosnanded. An operational advantage of the designated 
attitude capability is that all teirminal closures by the orbiter for the re- 
visit operations could utilize a preferred standardized V-bar or R-bar approach 
path. The low cost libration damper concent would likelv require a different 
thermal approach path for each libration damped trim attitude associated with 
the configuration mass properties at the end of each construction mission. 

An example of a simple libration damper concept is illustrated in Figure 
4.1-9. This is a cold gas system sized to support the construction of a 400 
foot linear tri-beam platform with the build up mass properties and thruster 
geometry as presented in Figure 4.1-10, Three construction flights are nomin- 
ally required to complete the construction of this example platform. The cold 
gas capacity in this example system is sized to damp 0.1 degrees per second 
libration rates (threshold of tumbling motion) about all inree axes prior to 
each revisit. The total propellant of 129 lbs (two 64 lb tanks) allows oat 
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contingency revisit (a total of four construction flights) plus a 100 percent 
margin. The thrusters and pulse width range are sized to fully damp the libra- 
tion motions within one day and to produce residual motions less than 0.01 
degrees per second. A solar array/battery electrical power system sized to 
provide 100 watts continuous power and 200 watts peak power for one day is 
included. This provides power for the damping electronics, command and control 
and rendezvous sides. 

4.1.6 Orbiter Plume Effects 


In additio. to the effects on the orbiter motion, each RCS thruster creates 
a plume with potential effects on nearby large structures. These effects can 
be of significance to plans for docking and separation, on-orbit control of 
orbiter/structure combinations and contamination or damage of sensors, solar 
arrays or other components of large space systems. 

The full range of potential effects are highly dependent on factors of mass 
distribution, geometry, and properties of materials too complex and extensive 
to consider in depth here. However, a brief summary of plume characteristics 
is presented here to suggest the magnitude of possible effects. The general 
locations of RCS thrusters are shown in Figure 4,1-11. 

The identification and location of RCS thrusters and the forces which they 
apply along the various axes are presented in Section 4.2 (Figure 4.2-1 and 
Table 4.2-2), which deals with attitude control of combined orbiter and struc- 
ture assemblies. Designers of large space structures may be concerned about 
orbiter plume contamination, plume pressures, plume flow rates and plume gas 
temperatures. Although the general issue of contamination is discussed in 
Section 4.14 of this report, details of RCS plume contributions to contamina- 
tion are described here for convenience and coherence of presentation. The 
following graphical data appear in Section 11 of ICD 2-19001 [NASA, 1930 (a)]. 

4. 1.6.1 Primary RCS Engine Plumes 

The engine plume characteristics described in the following figures cor- 
responds to the effective engine thrust vector, rather than the engine /nozzle 
centerline due to the effects of nozzle scarfing to conform to the orbiter 
outer moldline. Typical, plume, constant-density contours generated by a 
single engine operating in a vacuum are shown in Figure 4.1-12. Figure 4.1-13 
shows typical, contaminants (liquid/solid phase), constant mass-flux-rate con- 
tours throughout the plume shown in Figure 4.1-12. With the nominal RCS nozzle 
configuration (e defined in Table 4.2-2) and the computed non-gas (liquid/solid) 
phase flow rate, the contaminants plume has the maximum angular displacement 

defined in Table 4.2-2, and it lies entirely within the gas-phase envelope. 
The distribution of contaminants in this plume is such that the largest mass 
particles are contained within a cone defined by the effective nozzle expansion 
angle 4>N' Composition of the contaminants is defined in Paragraph 10.6.3 of 
ICD 2-1T001 (NASA, 1980 (a)l. Figure 4.1-14 shows the nominal gas static temper- 
ature, as a function of the density constant. Kp, throughout the plume shown in 
Figure 4.1-12. Figure 4.1-15 shows the nominal plume gas Mach number, as a 
function of the density constant Kp , throughout the plume shown in Figure 4.1- 
12. Figure 4.1-16 shows the nominal relationship between gas static pressure 
and impingement force on a normal flat plate (computed by means of the Diffuse 
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Figure 4.1-11. RCS/VRC3 Thruster Locations 
and Orientations 
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Figure 4.1-12. RCS plume Constant Contours - Kp 



I CD 2-19001, Figure 11-17 

Figure 4.1-13. RCS Contaminants Constant Mass-Flux-Rate Conturs 
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Figure 4.1-15. RCS Plume Mach Number as a 
Function of Density Constant, Kp 






Figure 4.1-16. RCS Plume Static Pressure 
and Impingement Force as a i unction 
of Density Constant, Kp 


Newtonian Gas Dynamic Interaction Model), both as functions of the density 
constant Ko , throughout the ptume shown in Figure 4.1-12, The referenced 
figures were generated by source flow analysis, represent single engine only 
(multiple engine effects not considered), valid for continuum flow only, free 
molecular flow not considered, and are presented for preliminary assessment 
use only. 
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4. 1.6. 2 Vernier RCS (VRCS) Engine Plumes 

The engine plume characteristics described in the following figures cor- 
responds to the effective engine thrust vector, rather than the engine/nozzle 
centerline due to the effects of nozzle scarfing to conform to the orbiter outer 
moldline. Typical, plume, constant-density contours generated by a single 
engine operating in a vacuum are shown in Figure 4.1-17. Figure 4.1-18 shows 
typical, contaminants (liquid/solid phase), constant mass-flux-rate contours 
throughout the plume shown in Figure 4.1-17. With the nominal VRCS nozzle 
configuration (e, defined in Table 4.2-2) and the computed non-gas (liquid/ 
solid) phase flow rate, the contaminants plume has the maximum angular ..^place- 
ment (<t> M ) defined in Table *.2-2, and it lies entirely within the gas-phase 
envelope. The distribution of contaminants in this plume is such that the largest 
mass particles are contained within a cone defined by the effective nozzle expan- 
sion angle Composition of the contaminants is defined in Paragraph 10.6.3 

of ICD 2-19001. Figure 4.8-19 shows the nominal gas static temperature, as a 
function of the density constant Kp , throughout the .plume shown ir. Figure 4.1- 
17. Figure 4.1-20 shows the nominal plume gas Mach number, as a function of 
thedensity constant Kq, throughout the plume shown in Figure 4.1-17. Figure 
4.1-21 shows the nominal relationship between gas static pressure and impinge- 
ment force on a normal gas plate (computed by means of the Diffuse Newtonian 
Gas Dynamic Interaction Model), both as a function of the density cqnstant K , 
throughout the plume shown in Figure 4.1-17. The referenced figures were gen- 
erated by source flow analysis, represent single engine only (multiple engine 
effects not considered), valid for continuum flow only, free molecular flow not 
considered, and are presented for preliminary assessment purposes only. 
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Figure 4.1-20. VKCS Plume Mach Number 
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Figure 4.1-21. VRCS Plume Static Pressure 
and Impingement Force Vs. Density 
Constant , Kp 






4.2 ATTITUDE CONTROL DURING CONSTRUCTION AND ORBITER-TENDED OPERATIONS 

Construction In space of large spacecraft will result in large changes in 
mass distribution and configuration. Likewise, revisit operations vill involve 
coupling the mass of the orbiter to that of the orbiting spacecraft, and possi- 
bly result in installation of relatively large masses on the construction 
project. Thus, the attitude control system design must meet a variety of con- 
ditions. The following discussion reviews potential control requirements and 
control system alternatives leading to the selection of an acceptable control 
method for space construction operation and subsequent operations. It is 
recognized that each type of large space structure can have unique pointing 
and stabilization requirements, which must be achieved within orbiter con- 
straints. However, a case is made for the consideration of free-drlft or 
gravity-gradient stabilization, allowing for relatively large (but slow) vari- 
ations in attitude during space construction for projects which' are not con- 
strained by pointing requirements during construction. 

4.2.1 Control Requirements and Approaches 

Spacecraft control requirements during construction, maintenance, and 
refurbishment of large projects arise from the typical pointing and stability 
constraints of operational spacecraft and possible special constraints result- 
ing from the construction process. Some typical attitude control issues and 
requirements pertinent to design of large space structures are linted in 
Table 4.2-1, together with potential Shuttle constraints and guideline topics 
which will be addressed in this section. 


Table 4.2-1. Attitude Control Issues and Requirements for 
Design of Large Space Structures 


Issue or Requirements 

Potential Constraints 

Large disturbances are undesirable 
during delic&te construction oper- 
ations. 

* Orbiter RCS Inputs can create 
problems 

* Libra t ion of spacecraft can Induce 
additional loads 

* Null-torque orientations are highly 
desirable 

• Specific vernier RCS thrust loads 

• Specific primary RCS thrust loads 
(larger) 

• Stability of the combined orbiter 
and large space structure 

• Time constraints on construction/ 
operation 

Orbiter docking can Induce loads , 
changes in combined moments of iner- 
tia, stability condition, and rota- 
tional/translatlonal rates. 

• Orbiter VRCS and primary RCS as 
means to null undesirable induced 
motions 

Orbiter berthing can Induce loads, 
changes in combined moments of iner- 
tia, stability condition, and rota- 
tional/translational rates. 

• Orbiter VRCS and primary RCS as 
means to null undesirable induced 
motions 
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Table 4.2-1. Attitude Control Issues and Requirements for 
Design of Large Space Structures (Cont.) 


Issue or Requirements 

Potential Constraints 

Orbiting space structure attitude 
rates must be nulled to aafe resid- 
ual levels at time of docking or 
berthing of orbiter to spacecraft. 

• Space project requires means to 
null natural and Induced libratlng 
motions. 

Combined orblter/space structure 
attitude rates must be within safe 
limits at the time of separation of 
the orbiter from the structure. 

\ 

• Combined orbiter/project requires 
means to null or constraint atti- 
tude rates to safe levels. 

• VRCS logic and control capability 
are limited. 

Attitude control may be req-ired dur- 
ing construction for solar array 
pointing, sensor or antenna pointing, 
illumination control or thermal con- 
trol. 

• RCS options 

• CMC options 

• Llbratlon damper options 

• Other systems 

• Specific capabilities of vernier 
RCS or primary RCS on orbiter. 

Large, lightweight structures opti- 
mized for the space environment can 
withstand only limited lead Inputs 
for attitude control. 

• Specific capabilities of vernier 
RCS or primary RCS on orbiter 

Movement of large masses relative to 
orbiter during construction can in- 
duce rotational rates on combined 
orbiter/space structure system. 

• Orbiter RCS capabilities (if used) 

• Vision interruption due to lighting 
(orbiter orientation) 

• Loads between orbiter and structure 

• Crew and system safety — work sched- 
ule interruption due to motion 


Within these issues and constraints, there are several fundamental options 
which may be considered in establishing suitable attitude control concepts for 
space construction. 

Option 1. Use of Existing Orbiter RCS System 

If it has been determined that a given construction project requires spec- 
ified pointing and/or project orientations during the construction process, 
the use of existing orbiter RCS systems — either primary or vernier — and their 
related flight control software becomes a prime option. However, the use of 
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Che orbicer primary RCS system can introduce significant loads and disturbance 
forces into the construction process. Use of the vernier RCS system would 
greatly reduce the disturbance force levels , but because of its non-coupled 
thruster geometry, control authority in certain directions will be lost for 
combined orbiter/project c.g. outside of the cargo bay region. Either of these 
options may be considered for construction projects requiring specified point- 
ing and/or construction orientations. Figure 4.2-1 and Table 4.2-2 provide the 
orbicer RCS system characteristics needed for control capability and Induced 
loads assessment for application to any construction project. Figure 4.2-1 
identifies thruster location and firing direction '•odes for ail 38 primary and 
6 vernier thrusters. Table 4.2-2 defines the thrust components in orbiter body 
axes and the location of thrust application for each of the 44 RCS thrusters. 
These data will allow full assessment of the Impact of orbiter RCS thruster 
firings during the construction of any project system. 

As a refinement to the option of using the orbiter RCS systems for atti- 
tude control during construction, if point/orientation requirements are not 
continuous and/or the RCS induced disturbances cause discrete event problems, 
consideration could be given to designing the construction system and process 
around the constrained use of RCS firings. With this approach, the basic con- 
struction process could be briefly interrupted for needed RCS thruster opera- 
tions. If further precautions are necessary, the construction system and 
project could be designed to be temporarily rlgldlzed or "safed" to tolerate 
these RCS induced disturbances. 

Option 2. Dedicated Attitude Control System 

If the disturbance environment crested by the orbiter RCS systems is too 
severe, an alternative option for projects requiring controlled orientations 
during construction could be the use of a dedicated attitude control system. 
This could be integral with the construction system or s separate unit tempor- 
arily installed at some convenient location on the construction project. It 
could be designed to produce a "softer" disturbance environment than the 
orbiter PRCS and could be configured around the use of pure thrust couples to 
provide adequate control torques over a wide range of project configurations 
and mass properties. 

Option J. Modified Orbl ter RCS System 

Another option for satisfying the need for controlled orientations during 
construction is the possibility of introducing modifications to the orbiter 
SCS/flight control subsystems. These could include adding vernier thruster, 
changes to software (and possibly computer hardware), reducing thruster mini- 
mum Impulse size, etc. The problems and costs Involved in changing fully 
qualified, space-rated systems such as the orbiter make chls a low priority 
option. However, under very special construction project circur tances and/or 
in combination with other Shuttle applications program needs, this option would 
be a viable candidate solution to attitude stabilization and control needs. 
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Table 4.2-2. Nominal Thrust Components and Application Locations 
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4-27 






























Opticn 4. Free-Drift Construction Attitude 


In addition to the above options for attitude control during construction, 
for those project systems which are less demanding in their stabilization and 
pointing needs it may be possible to employ free-drift gravity-gradient oriented 
construction operations. With this technique, the orbiter RCS firings are in- 
hibited and the combined orbiter/construction project is allowed to "free drift" 
in the natural gravity-gradient aero torque environment. Preliminary studies 
have shown the resulting librational motions are very slow — typically less than 
0.1 degree/second— and that construction induced disturbances can be controlled 
to Inhibit full tumbling motion. The librating motions are judged to be suffi- 
ciently slew as to not cause visual distractions to the construction operations 
and that these motions tend to average out the thermal environments important 
to orbiter heat rejection capability and construction operations. An example 
analysis of the free-drift techniques applied to the construction of a 200-m 
space platform is presented in the following discussion. 

4.2.2 Gravity-Gradient Stabilization During Construction (Example) 

For satellites in circular orbits and those that rely on gravity-gradient 
stabilization, the principal axes of inertia must be aligned with the radial, 
tangential, and normal axes of the orbit in order for the satellite to maintain 
a fixed attitude in the orbiting frame. The question of stability in this 
attitude was addressed by D. B. DeBra and R. H. Delp (1961). They developed 
the stability diagram shown in Figure 4.2-2. This diagram shows two regions 
for which a gravity-gradient satellite is stable — Liapunov stable in the 
Lagrange region, and inf initisimally stable in the Delp region. 



Figure 4.2-2. Gravity-Gradient Stability Diagram 
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The analysis leading to this diagram assumes thqt (1) the spacecraft is 
a rigid body with constant mass properties and geometry, (2) the only forces 
on the satellite result from an inverse-square gravity field, (3) the body is 
small enough that the attitude motions do not significantly affect orbital 
motion, (4) the orbit is circular, and (3) the attitude deviations from the 
equilibrium position are small. These conditions are satisfied during the 
space construction process only prior to and after the period of internal 
motion resulting from erection and fabrication of the system. During th.it 
period. Conditions (1), (2), and (5' are violated. However, the stability 
diagram remains useful in establishing the orientation at the start of con- 
struction and the allowable extent of construction in terms of changes in 
moments of inertia. Figure 4.2-3 illustrates the relative motion of the 
orbiter with respect to the construction project during the majority of con- 
struction time. The structure is a tri-beam, with a beam building machine 
used to fabricate each beam in space. The beams are connected by cross members 
of similar fabrication. 



Figure 4.2-3. Construction Scenario 

The structure is built from a fixture attached to the orbiter' s docking 
port. The construction scenario is based on several orbiter flights and 
includes the following major events during these flights. 

• Erection and deployment of the construction fixture containing 
a beam fabrication machine. 

• Fabrication of th*-ee longitudinal beams extending outward and 
parallel to the orbiter pitch axis. 

• Attachment of cross members to the longitudinal beams while the 
structure is translated back through the construction fixture. 

• Translation of the structure in the original direction of beam 
fabrication while such items as wire bundles and junction boxes 
are being attached. 
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■ Reversal of Che direction of scruccure motion a second time and 
addition of pavload and subsystem components such as antennas 
and control system elements. 

The salient events of space construction are now examined in terms of the 
gravity-gradient stability diagram. The construction scenario assumes that a 
36,300-kg (80,000-lb), 200-m (660-ft) long space fabricated tri-beam structure 
is built from the Space Shuttle arbiter, and five 4500-kg (10,000-lb) elements 
are added to the structure. These elements represent, for example, large com- 
munication antennas or large subsystem modules. These events, selected because 
they demonstrate the significant gravity-gradient problems, are listed below. 

• Orbiter unattached to the structure. This occurs before a 
construction starts or before docking or after undocking. 

• Erection and positioning of the construction fixture. 

• Initial fabrication of a tri-beam assembly. 

• Move the structure through the construction fixture. This 
could be for the purpose of putting the fixture at the opposite 
end of the construction or adding relatively massless items 

. along the length of the structure. 

• Move the structure through the fixture and add five 4500-kg 
(10,000-lb) elements, equally spaced, to the structure. 

The stable gravity-gradient orientation of an unattached orbiter is nose 
down (or up) and wings parallel to the orbit plane. This orientation and the 
location of the inertial ratios (Iy-I x )/I z and (Iy-I z )/I x are shown on Figure 
4.2-2. The erection and positioning of the construction fixture starts with 
the Shuttle in this orientation. The process is assumed to proceed in four 
steps as shown in Figure 4.2-4, which also shows the stability diagram for 
this operation. It can be seen that the orbiter-f ixture combination becomes 
unstable because I x , the orbiter's pitch moment of inertia, becomes larger than 
Iy, the Shuttle's yaw moment of inertia. Attitude and rate histories are 
shown in Figures 4.2-5 and 4.2-6. Attitude, described in terms of Euler angles 
of pitch, roll, yaw sequence, and body rates diverge in roll and yaw as pre- 
dicted by Figure 4.2-4. 

The third case is the initial fabrication of a tri-beam assembly. Assum- 
ing that the angular rates are small enough, construction can proceed from the 
orientation at the end of the previously discussed event. If not, then active 
control would be required to damp the librations and maintain stability in 
this unstable region. An altematl i would be to reorient the system into the 
stable region and than damp the residual rates to an acceptable level. In any 
case, the subsequent construction, the third event, would cause the inertia 
ratios to move into the third quadrant of the diagram. Although this is an 
unstable region, slow changes in the relative magnitudes of the principal 
moments of inertia and their directions relative to body fixed coordinates 
will not excite large libration amplitudes. A second method of limiting these 
amplitudes is to provide active damping. This could come from operation of the 
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Figure 4.2-4. Grav i t y-Grad I ent Stability Diagram for Fixture Erection Case 








orbit er reaction control systems in a damper mode, or from the use of a simple 
and inexpensive add-on reaction control system. 

The fourth case is the movement of the structure through the construction 
fixture while adding relatively massless items (wire bundles and junction 
boxes). Two cases were considered in order to determine the effect of speed 
of construction on attitude dynamics. For each of the cases, it is assumed 
that construction starts at the gravity-gradient stable orientation as shown 
in Figure 4.2-7. The loci of the inertia ratios are also shown on this figure. 



Figure 4.2-7. Gravity-Gradient Stability Diagram for 
Simple Translation of Structure 

The first case (Figures 4.2-3 through 4.2-11) is for a construction speed, 
or translation of the structure through the construction fixture, of one meter 
per minute. The second case (Figures 4.2-12 through 4.2-14) is for a construc- 
tion dpeed of about 1/3 meter per minute (1.0 ft/min.). The initial conditions 
for each are such that the principal axes of inertia are aligned with the rad- 
ial, tangential, and normal axes of a circular orbit at an altitude of 300 nml. 
The Euler angles describing the orientation of the body axes are 0 - -3.556°, 

J> • -0.6738°, and ty • 16.18°. The initial body rates are p - 0.0175°/sec, 
q ■ 0.0602“/sec, and r ■ 0.007°/sec. This places the long axis of the struc- 
ture parallel to the local vertical and the orbiter roll axis parallel to the 
velocity vector. Construction starts at 96 minutes in each case and ends at 
296 minutes for the fast case and at 756 minutes for the slow case. 
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Figure 4.2-8. Moment of Inertia for 
Fast Construction Case 


Figure A. 2-9. Euler Angle Histories 
for Fast Construction Case 





Figure 4.2-10. Body 
Rate Histories for 
Fast Construction Case 


Figure 4.2-11. 

Gravity Gradient 
Torque Histories 
for 

Slow Construction 

Case 



VAN NATS. f IDCO/KCI PITCH NATE. ' (OCO/SEC) NOLL NATE. » 



Figure 4.2-12. 
Euler Angle 
Histories for 
Slow Construction 

Case 



Figure 4.2-13. 
Body Kate His- 
tories for 
Slow Construction 

Case 
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Figure 4.2-14. Gravity-Gradient Torque Histories for 
Slow Construction Case 


Figure 4.2-8 shows the elements of the inertia matrix as a function of 
time for fast construction. The change in the elements is a result of the 
translation of the structure through the construction fixture. The moment of 
inertia history for the slow case is the same, but occurs over the longer 
period of construction. A comparison of the Euler angle histories for the 
fast and slow cases is shown in Figures 4.2-9 and 4.2-12, respectively. The 
Euler angle histories for the fast construction case show that the spacecraft 
is rotating in yaw with unconstrained motion about the local vertical. The 
use of the slower construction speed eliminates the tumbling and reduces pitch 
and roll librations. Hence, it is concluded that some degree of construction 
speed modulation can prevent tumbling and reduce the amplitude of libration 
and that use of gravity-gradient orientations during space construction will 
permit relatively long periods of uncontrolled, disturbance-free construction. 

Figures 4.2-10 and 4.2-13 show the body rate histories for the fast and 
slow cases, respectively. Rates for the fast case are generally much larger 
than for the slow case — five times larger in roll rate, and ten times larger 
in yaw rate. The gravity-gradient torques about the body axes are shown in 
Figures 4.2-11 and 4.2-14. The torques in the fast case are larger than in 
the slow case, which is expected because the attitude excursion and, hence, 
out-of-trim conditions are larger. 
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Another case analyzed, but not described In detail herein, Is similar to 
the previous fast construction case with the exception that the translation 
motion is stopped periodically to add five 4500-kg (10,000-lb) elements to the 
structure. The results showed that there is a large change in yaw attitude 
which is the axis with the weakest gravity-gradient stiffness. However, all 
body rates are small, not exceeding 0.07 degree/sec. 

The results of the simulations of these several cases show that, for con- 
struction scenarios where large changes in mass distribution and dynamic changes 
in configuration exist, long periods of flight are possible without use of 
active control systems. A comparison of two identical cases with and without 
movement of masses from the cargo bay to the structure shows that there is an 
effect on the dynamics due to small inertia changes occurring periodically. 

Further information on these analyses is available in the study report 
[Rockwell, 1979 (a)) and a technical paper by Oglevie, Quartararo, Sampson 
and Abramson (1979). 
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4.3 SYSTEM SAFETY GU Tr >ELINES 


This section includes discussion of specisl safety issues applicable 
to design of large space structures built out of the orbiter. In particular, 
those involving on-orbit operations, or those which are not specifically dis- 
cussed in Che NASA Document NHB 1700.7 are of concern herein. 

4.3.1 Jettison Requirements 

Use of the Shuttle Orbiter for construction and operations involving 
large space structures generates a special series of safety concerns involving 
contingency separation of the orbiter and payload. 

The basic safety requirement is stated in the NASA Safety Policy Document 
NHB 1700.7 (NASA 1979), as follows: 

"EXTENDABLE PAYLOADS. Any payload which may be operable in a fashion 
which could prevent closure of the cargo bay doors shall be provided 
with primary and backup methods of clearing Che cargo bay door 
envelope. The primary method may be either retraction or jettison 
and shall be controlled by remote initiation. When the primary method 
is retraction, the backup technique must be either remote jettison or 
removal by EVA. . ." 

EVA requirements are stated in NASA 10615 (NASA 1976). They are out- 
lined briefly in Section 4.3.2. 

In particular, the space construction mode could create an unusually 
varied and extensive set of configurational conditions which are not compa- 
tible with immediate return to earth. Therefore, more than normal attention 
should be directed toward planning for simple and reliable modes of recovery 
should an abort from orbit become necessary. . Stability and momentum condi- 
tions may preclude simple jettisonning in some cases, due to close clearances 
or actual interferences with direct orbiter separation. Also, once separation 
is accomplished, there may be a need to re-stow some undeployed cargo in 
order to achieve a satisfactory vehicle center of gravity and to be able to 
shut the cargo bay doors . 

4.3.2 EVA Access Requirements 

From a safety standpoint there are certain minimum functional require- 
ments for contingency EVA operations. These involve two basic types: (1) 

access for closing cargo bay doors and configuring for return to earth, 
and (2) rescue operations. 

The overall clearance volume requirements for EVA access are pictured 
in Section 4.8 of this report. Further specific constraints are listed in 
Table 4.3-1. 

Within the context of construction of large space structures there is 
also another aspect of concern regarding EVA access. This is the potential 
for entanglement of hangup of EVA suit or backpack, etc. within the space- 
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Table 4.3-1. Checklist: EVA Access Constraints for Contingency Situations 


( ) CONSTRAINTS /• QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) Access volume shall be provided within the 

NASA 1980 (a): 

cargo bay for EVA crew to close the orbiter 

JSC-07700. Vol. XIV 

cargo bay doors , using tools provided for 


this purpose, in the contingency event that 

Also see NASA 1976: 

normal controls in the cabin are not capable 

JSC-10615 

of closing a no latching the doors for safe 


descent. • (R-l) 


. Payload components which could block such 


access shall be removed by normal means 


or jettisonned. 


. See Section 4.8.1 for EVA egress pathway 


requirements. 


. Access volume is required to reach and 


remove tools in the Modular Equipment 


Stowage Assembly (MESA). 


. See Section 4. 8. 2. 2 for EVA tools descrip- 


tion and locations. 


( ) Handholds /handrails shall be provided along 

NASA 1976: 

all contingency EVA pathways to assist crew 

JSC-10615 

mobility. (R-l) 


. Existing handholds on orbiter foreward 


and aft bulkhead and cargo bay doors. 


and structure may be utilized if accessible 


under the given contingency conditions. 


. See Section 4. 8. 1.5 for handhold design 


requirements. 


( ) EVA safety tether provisions shall be incor- 

NASA 1976: 

porated with handrail design to assure crew 

JSC-10615 

security during contingency EVA. (R-l) 


. See Section 4 .8.1.5 for safety tether/slide 


wire requirements and standard provisions. 
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craft structure. To minimize this possibility, care must be directed toward 
eliminating mags, protrusions, lines and/or wedging situations within and 
along the path of EVA motion or workspaces. In addition, structure within 
reach or contacted by the suit must have rounded corners as defined in JSC- 
10615 (NA 5 /- 1976) to prevent puncture or tearing and consequent total loss 
of pressure within the EVA suits. 

4.3.3 Rescue and Contingency Provisions Requirements 

Designers of large space structures payloads generally will not be deeply 
concerned with orbiter crew rescue modes if they meet the above-discussed 
requirement for separation of the orbiter from the space structure and for 
EVA access. However, they should provide for contingency rescue of ?VA crew 
members who inadvertantly become lodged, entangled or otherwise involved in 
large space structure without capability to return to the orbiter airlock 
alone. Such provisions must include standby rescue personnel, either as EVA 
"buddy" operators or as crew within the cabin who are prepared to don suits 
and egress through tho airlock as soon as possible. Such crew pre-breathing 
and suit donning timeline considerations must be included in planning crew 
assignments, manpower loading, equipment and provisions for airlock repressuri- 
zations, as discussed in Section 4.8.4. 

4.4 PAYLOAD HANDLING CAPABILITIES/CONSTRAINTS AND GUIDELINES 

The following sections (Sections 4.4.1 through 4.4.4) deal with the 
general topics of deploying structure, setting up construction equipment, 
handling, assembling and checking large space structure materials and modules, 
and re-stowing components for return to earth. The various options for 
Shuttle equip'ient and personnel to help perform such tasks are described 
briefly in Section 4.4.4, and are described in gnater detail in Sections 4.5 
through 4.8. Support services constraints are discussed in Sections 4.9 
through 4.14. Some overall crew scheduling operations considerations involv- 
ing payload handling v>l«o are included in Section 5.0. 

4.4.1 Construction/Deployment Orientation and Clearance Constraints 

This section outlines the overall, gross geometric constraints for large 
space structures attached to the Shuttle Orbiter while on orbit. These con- 
straints have a major impact on the possible shapes which can be constructed 
or deployed from the orbiter and which directions can be used for translating 
structure with respect to the orbiter. Such limitations are primarily based 
on structural outlines of the orbiter. Additional concerns involve antenna 
blockage, radiator blockage, TV and window viewing, lighting, aerodynamic 
drag, center of mass and moment of inertia. Detail considerations of attach 
points and close tolerance clearances are considered in Section 4.4.2. 

Figure 4.4-1 provides overall, three-dimensional constraints for the 
orbiter in the normal on-orbit operational condition. The cargo bay doors 
and radiators are fully opened and deployed. Figure 4.4-2 (from Reference 
NASA (1)) provides another means of defining the structural configuration 
in terms of viewing angles from a single point in the center of the cargo bay. 
Tables 4.4-1 and 4.4-2 provide a checklist of additional constraints and guide lines 
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Dimensions in inches 
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$IK VIEW 


Figure 4.4-lB. Orbiter Structure Geometric Constraints on 
Design of Large Space Structures 










Table 4.4-1. Checklist: Overall Orbiter Geometric Constra its on 
Design of Large Space Structures 


( ) CONSTRAINTS /‘QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


) Large space structure configurations and 
orientations shall not block comunications/ 
antenna radiation or reception envelopes when 
the orbiter is used as a communications base 
during construction, maintenance or other 
orbiter-tended operations. (R-4) 

. Further analysis required for specific cases. 

. See Figure 4.4-3 for antenna locations. 

. See Section 4.4.2 for Ku-Band antenna 
envelope and locations. 

) Large space structure configurations should 
not block viewing angles of orbiter star 
trackers in nose of vehicle. (R-4) 

. See Figure 4.4-4. 

) Large space structures shall not unduly block 
orbiter heat rejection from cargo bay doors. 

(R-4) 

. Blockage is a function of open area in 
structure and size. See Section 4.13 for 
parametric estimates of reduction in heat 
rejection. 

) Large apace structures, when deployed or 
under construction, shall not block egress 
for contingency EVA. (R-4) 

. Jettison or other means for removal of 
blockage may be permitted. NASA safety 
reviews may be required to resolve these 
problems. See Sections 4.3.2 and 4.3.3. 


. Constraints configu- 
ration of structure 

. Potential need for 
auxiliary antennas 
early in construc- 
tion period, located 
on large space 
structure and hard- 
lines connected to 
orbiter. 


Constrains design 
for guidance and 
control systems. 


Constrains design 
of large space 
structure, orienta- 
tion and clearance 
from orbiter. 


Affects location of 
docking/berthing 
ports and support 
structure, stowage 
and construction 
fixtures. (Requirement 
was derived for this 
document) . 
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S-b*nd (payload) 

S-band hemi 

L-banc tacan (3) 

Ku-band 
MSBLS(3) 
(Nav. set) 




L-band tacan. 
S-band hemi 
UHF (ATC voice)' 


Optional Ku-Band 


Ku-Band (Radar 
& Conmunicat ions ) 


S-band quad (two each side) 
L-band tacan 


C-band (2 xmt, 2 rec) 
Radar altimeter 


L-band tacan 


Figure 4.4-3. Antenna Locations 
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Z-axis tracker 


h - tracker horizontal deflection axis 
v - tracker vertical deflection axis 
<£- tracker field of view centerline 

Apex of glare cone-\ 
(20° half angle) \ 
Xo 422.90, Yo 59.02,\ 
Zo 408.37 \ 


Orbiter 

Forward 




L ^? ex of 8 lare cone 
(20° half angle) 

Xo 424J2. Yo 36.16, 
Zo 422.68 


Y axis tracker 4 


Apex of vievcone — 
bright object sewsor 
(30° half angle) 

Xo 424.95, Yo 68.15, 
Zo 409.25 


STAR TRACKER DOORS (2) 


‘■Apex of view cone- 
bright object sensor 
(30° half angle) 

Xo 424.2, Yo 42.42, Zo 428.8 

^Tto^ v' T Z ““ tr#ck ' f *» 

10 lh# X_Y rotated 41 <*« from the 

W^dSTl!!^ Tly' 1 * , ' Ul ^ °".cal —s 
^routed 3 dee in that plane tonwd the +X axis. 

£ “• * “»» »«*« it M m 

^ *•— < “» **> 


Figure 4.4-4. Orientation of the Orbiter 
Star Tracker Sensors 


Table 4.4-2. Checklist: Guidelines for Large Space Structure Orientation 
and Configuration with Respect to Overall Orbiter Geometry 
and Functions 


( ) CONSTRAINTS / • QUALIFICATIONS 


REFERENCES 

IMPLICATIONS 


) Large space structures should be configured 
to avoid plumes of orbiter RCS when the 
orbiter control system is used for attitude 
stabilization. (R-3) 

. Each case is subject to chemical, thermal 
and thrust dispersion analysis to determine 
degree of impingement permissible. 

. See Section 4.1.6 for plume data. 

) When possible, space structures should be 
located to permit visual observation from 
orbiter cabin windows. (R-3) 

. See Section 4.9.6 for window viewing angles. 

. Closed circuit TV is probably the major 
method for providing visibility for large 
space structure construction and operations, 


Constraints configure* 
tion of structure. 

(Guideline was 
derived for this 
document, based on 
previous contractor ' 
experience) 


General Dynamics 
1979: 

Affects design of 
construction fixtures, 
shape of large space 
structures . 
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(respectively) relating to the subjects previously noted, with reference to 
Figures, Tables or other documents which may further define the constraints 
or guidelines applicable. 

4.4.2 Support Interfaces Constraints 


This section provides information concerning specific, detail configura- 
tion constraints for on-orbit payload attachments and deployment considerations. 
These considerations are potential modifications and additions to the basic 
requirements outlined in Section 3.2, which emphasized payload supports and 
connections constraints for delivery to orbit and return. On-orbit conditions 
differ in respect to the configuration of opened payload bay doors and radia- 
tors, deployed positions for RMS and antennas, EVA operations, and opera- 
tional requirements for various other systems, such as TV cameras and payload 
installation and deployment aids. 

In addition, it is possible to consider temporary use of payload support 
latches on orbit without regard for load criteria imposed for lift-off or 
descent and landing. 

Table 4.4-3 lists constraints in the subject category. The majority of 
these constraints relate to hardware installed on or near the payload bay 
longerons of the orbiter. Further description follows. 

4. 4. 2.1 Ku-Band Antenna Deployment Clearance and Obscuration 

In addition to the deployment considerations clearance may need to be 
provided for the full range of motion of the Ku-Band antenna dish. Such geo- 
metric constraints have not been specified to date. However, control drawings 
of the mechanisms are available from which such envelopes can be developed 
(Hughes 1979). 

If the Ku-band antenna is to be operated in conjunction with the attached 
large space structure, consideration must be given to the antenna viewing 
angles which may be obscured. The line of sight obscuration zone for the high 
gain antenna beam, created by the orbiter structure and a maximum size package 
payload, is defined by Tables 4.4-4 and 4.4-5 which present the pertinent 
analysis constants and contour data respectively. The contour outlines are 
depicted graphically in Figure 4.4-6. by definition, the information given 
applies to the Communications A/Radar Deployed Assembly when in the fully 
deployed position. The numbered contour segments identified in Figure 4.4-6 
refer to specific curve segments using a procedure defined in the technical 
document MC409-0025. 

Note that the boundary defined by the numbered contour segments is 5° 
outside the boundary defined by the orbiter and maximum payload envelope, 
i.e. t the boundary defined by the numbered contour segments includes a 5° 
guard band around the orbiter and payload envelope. 
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Table 4.4-3. Checklist: Detail Constraints on Support Attachments, Payload 

Deployment Clearances and Equipment Configurations for On-Orbit 
Operations 


( 

) 


REFERENCES 

CONSTRAINTS /•QUALIFICATIONS 

IMPLICATIONS 

( 

) 

Clearance shall be provided for deployment 

Rockwell 1978 (a): 



and operation of the Ku-band antenna(s). (R-l) 

MC 409-0025 



. Normal installation is starboard side, 

Location forward of 



centerline mounted at Station Xo 589. 

radiators seldom 
poses configuration 



. Port side installation is (TBD). 

constraints, but 
analysis is required. 



. See Section 4.11.4. 




. See Figure 4.4-5 for deployment envelope. 




• See Section 4. 4. 2.1 for obscuration 




envelope details. 


( 

) 

Clearance shall be provided for deployment 

NASA 1980 (a): 



and operation of the RMS when this item 

JSC-07700, Vol. XIV 



is installed. (R-l) 

(ICO 2-19001) 




Affects design of 



. RMS shoulder joint is deployed outboard 

assembly fixtures 



to provide added clearance for large 
payload extraction and stowage while on 
orbit. 

attached to longerons. 



. See Section 4.5 for RMS details. 


( 

) 

Clearance shall be provided for the slide- 
wire for EVA safety tethers, located above 
the longeron. (R-2) 

SLockwell ER3 Briefing 
(Unpublished) 




Affects detail design 



. See details of operational slidewire 

for EVA provisions 



concepts in Section 4. 8. 1.5. 

and assembly fixture 
extending out from 



(NOTE: Final design still in progress) 

longa rons . 

( 

) 

Attach points near the longerons for on- 

Rockwell 1979 (c): 



orbit re-locations of construction fixtures. 

Drawing V070-362003 



etc. should avoid interferences with items 
listed in Table 3.2-1. 

Design should con- 
. aider on-orbit con- 



. Radiator hose crossovers. 

figuration of these 
devices . 



. Cargo bay door actuators. 




. Electrical crossovers. 
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Figure 4.4-5. Ku-Band Communications Equipment Location 



Table 4*4—4. Constants Used in High Gain Antenna 
Analysis Obscuration Zone 


Pivot point location 
(Intersection of a and 0 axes) 

a -axis (structural coordinates) 

Beam focus point offset from pivot 
point 

Beam half-width 
Rotation limits 

Payload cylinder envelope 


Xq: S 68. 841 In. 

YqJ 135.365 In. 

Z 0 ; 443.875 In. 

(-0.3907311285 , 0.9205048535. 0.0) 
21.01 In. 


18.015 In. 

0°£ or^i50° or 0° ^ a s -210° 
**- 75 °^^- 90 ° 

15 ft diameter 
60 ft length 

Centroid: X Q • 930.0 In 
Y 0 - 0.0 In 
Zq - 400.0 In 
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Table 4.4-5. Obscuration Zone Contour Data 


POLYNOMIAL COEFFICIENTS FOR EQUATION 


Curve 

Number 

Pitch Range 
( Degrees ) 

•o 

* 

Roll - 

i - o 
®1 

(Pitch) (Degree 

«2 

>») 

■3 

*4 

1 

-l < P < 3 

' -113.25 

-22.25 

0. 

0. 

0. 

2 

-58 <P <-l 

-91.105263 

-0.10S263 

0. 

0. 

0. 

3 

-85<P <-58 

-125.814815 

-0.703704 

0. 

0. 

o. 

4 

-85 < P < -80 

1039.0 

13.0 

o. 

0. 

0. 

S 

-80<P<-64 

99.0 

1.2S 

0. 

0. 

0. 

6 

-66.5<P<-64 

-864.2 

-13.8 

0. 

0. 

0. 

7 

-66 . 5<P<-23 

58.392298 

-0.278239 

-5 . 282522E-3 

0. 

0. 

8 

-23<P<-19 

21.75 

-1.75 

0. 

0. 

0. 

9 

-19<P< 24 

55.0 

0. 

0. 

0. 

0. 

10 

24 <P< 70 

49.793625 

0.301218 

-8 . 595B69E-3 

2 . 065508E-4 

0. 

11 

( 100<P<140) 

(P - 70) 




• 

12 

50<P < 70 

-11005.08532 

757.881672 

-19.192845 

0.215179 

-9.024330E-4 

13 

0<P <50 

175.0 


0. 

0. 

0. 

14 

( 175<P < 80) 

(P“ 0) 

| 0.22 

• 
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Figure 4.4-6. Obscuration Zone Contour for Antenna Main Beam LOS 
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4. 4. 2. 2 S-Band Obscuration Considerations 


The S-band antennas mounted on the top of the crew cabin are most likely 
to be obscured by metal portions of large space structures and construction 
fixtures which extend above the payload bay. These antennas nominally have 
a hemispherical view envelope. Note that alternate S-band antennas are 
available on the sides of the crew cabin (see Figure 4.4-3). 

4.4.3 Procedures Constraints and Options 

A small number of procedural constraints must be considered for payload 
deployment and stowage operations. These mainly relate to items hinged to 
the cargo bay longerons in such a way as to restrict deployment of large 
payloads. Such constraints are listed in Table 4.4-6. This table does not 
include opening of the cargo bay doors and deployment of attached radiators, 
since such activity is normally performed as soon as feasible upon reaching 
orbital altitude, regardless of payload. 


4.4.4 Equipment Options 

The Space Transportation System has under development, or consideration 
for development, several aids which potentially can be used for deployment of 
payloads, including the various construction, maintenance and checkout functions 
contemplated for large space structures. Although these devices were originally 
conceived for more limited payload handling usages, there are many operations 
involving large space structures which are similar in some respects to the 
original design requirements. 

The major group of devices related to the payload handling operations 
is called the Payload Deployment and Retrieval System (PDRS). This includes 
"all orbiter and payload systems required for accomplishing the deployment 
and/or retrieval of payloads, on-orbit" (NASA 1980 (a)). It is further 
described as "those orbiter systems which are utilized uniquely for payload 
deployment, retrieval, or special handling operations- This includes the 
Remote Manipulator System (RMS) and the payload retention system. Other 
orbiter systems which are required for deployment and/or retrieval but are 
also used for other purposes include the guidance, navigation and control 
system, the closed circuit television system v and cargo bay lights." 

(NASA 1980 (a)). 

In the broad context of construction and operations involving large .space 
structures one may include such systems as the Manned Maneuvering Unit ( i-C-IU ) , 
the Crew Space Sui^r (Extravehicular Maneuvering Unit (EMU)) and associated 
mobility aids, and several devices considered for future development. Table 
4.4-7 lists the actively used devices v or sets of devices), together with 
brief descriptions and suggested usages for large space structures. Further 
details about the equipment are developed in Sections 4.5 through 4.8. In 
addition, one may consider the payload handling system to include the active 
payload retention latches, and various cradles and pallet’s. 
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Table 4.4-~6. Checklist: Constraints on Procedures for On-Orbit 
Payload Handling Operations 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


( ) The Ku-Band antenna generally must be 

deployed prior to removing large payloads 
from the vicinity of the forward end of the 
payload bay. 

( ) In general t the RMS arm must be rotated 

outboard on its supports before checkout 
and deployment for use. Checkout required 
prior to use. 

. See Section 4.5 for timelines. 

( ) The EVA slidewire may need to be deployed 

prior to removal of large payloads. 

. See Section 4. 8. 1.5 for dimensional and 
functional interfaces. 


Only affects payloads 
which extend forward 
of RMS shoulder. 


Included in checkout 
of RMS prior to 
payload operations. 


Rockwell Briefing 
(Unpublished) 


( ) Obstructing equipment near Xo 576 bulkhead may 

need to be removed prior to EVA. 


( ) The erbiter primary RCS thrusters may not be 

fired while the RMS arm is transporting 
payloads . 

. Specific analysis would need to be performed 
for the arm position and masses involved. 


Function of stowage 
and operations 
requirements. 

Rockwell Briefing 
(Unpublished) 


. The RMS arm may be 
overstressed under 
such conditions. 


. Generally is not 
a problem for con- 
struction. 
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Table 4.4-7. Equipment Options to Assist Payload Deployment , Construction, 
Maintenance, Checkout and Stowage on Orbit 


EQUIPMENT DESCRIPTION 

POTENTIAL USAGES 

o Remote Manipulator System 



Control and monitoring devices. 

0 

Transport modules 

50 ft. long manipulator ann(s) and 
basic payload-handling end effector. 
The RMS is a versatile, remotely 

0 

Transport beans 

r-->trolled device, much like a crane, 
v ch can remove payloads from the 

0 

Hold tools 

vicinity of the cargo bay and 

o 

Transport tools, containers 

return them, perform a variety of 


or beam builder machines. 

transport and assembly functions 
and act as a camera or light stand. 

0 

Transport EVA crew on open 

It is more fully described in 


cherry picker. 

Section 4.5. The RMS is a funded 
system under development for Space 

0 

Perform assembly and removal 

Shuttle operations as a standard 


operations . 

item. 

0 

Assist in inspection 


o 

Perform berthing operations 
(orbiter to spacecraft or 
module to module). 

o Payload Installation and Deployment 



Aid "(PIDA) 



Removal and installation of very large 

0 

Move large payload modules 

payload items relative to the payload 


from payload bay stowage to 

bay may be very difficult for an RMS 
alone, due to small clearances and 


location clear of longerons. 

limited visibility. A proposed 

o 

Return large payload modules 

method for facilitating such opera- 


to stowed position in payload 

tions uses remotely controlled FIDA 
arms, which would lift a large pay- 


bay. 

load above the payload bay longerons 

0 

Potential aid for attaching 

where it can be more readily handled 
by the RMS. The PIDA concept proto- 


modules to structure . 

type as developed by NASA, is descn- 

0 

Holding fixture for 

bed in Section 4.6. The PIDA is not 


performing maintenance 

currently funded for Shuttle usage, 
but is considered a likely candidate 
to solve future payload handling 
problems related to large space 


and repair. 

structures . 








Spac* Operation* and 
Salalllla Syatama Division 
Spaca Syatama Croup 


Rockwell 

International 


Table 4.4-7. Equipment Options to Assist Payload Deployment, Construction, 
Maintenance, Checkout and Stowage on Orbit (Continued) 


EQUIPMENT DESCRIPTION 


Flight Support System (for MMS) 

e 

The MMS Flight Support System consists 
of a set Of cradles, one of which con- 
tains a remotely controlled tilting 
and positioning mechanism which could 
be useful -for limited handling of 
certain types of large space structure 
components. This system is more fully 
described in Section 4.7.1. 


POTENTIAL USAGES 


Tilt large payload modules to 
vertical position, perpendicu- 
lar to payload bay axis. 


Rotate in X-Y plane. 


Spacelab Pallets 


Handling of components for large space 
structures may be facilitated by 
mounting them on structural pallets 
such as used in the spacelab program 
as described in Section 4.7.2. 

Manned Maneuvering Unit 

The manned maneuvering unit is a small 
space vehicle which is donned by EVA 
(pressure suited) astronauts for 
transport operations in the vicinity 
of the orbiter. It is more fully 
described in Section 4. 8. 2. 3, as a 
part of the EVA aids. The MMU is a 
fully funded item for the Space 
Shuttle program. 


o Op en Cherry Picker (Manned Remote 
Work Station ) 

The open cherry picker concept con- 
sists of an open support platform 
which can be attached to the end of 
a manipulator arm (such as the RMS). 

An EVA astronaut is supported at his 
feet on the platform, and is provided 
with manipulator arm controls, lights, 
tool supports and a stabilizer arm, 
which can grasp payload structures. 
Prototypes of the open cherry 
picker have been 


Provides structural base for 
multiple parts stowage, sensor 
sets, and ocher groups of 
mechanisms . 


o Manned transport of small 

objects (by EVA crew). Trans- 
port large objects using two 
crew. 

o Stabilize EVA crew man for 
assembly work, inspection or 
removal . 

o Especially useful for opera- 
tions beyond reach of the RMS. 

o Assist in maintenance opera- 
tions . 


o Assist installation of modules 
and removal of modules. 

o Assist transport of moderate 
size modules and beams. 

o Transport EVA crew within 

reach envelope of manipulator. 

o Stabilize crew for manual 
assembly, removal, checkout, 
and adjustment operations. 
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Table 4.4-7. Equipment Options to Assist Payload Deployment, Construction, 
Maintenance, Checkout and Stowage on Orbit (Continued) 


EQUIPMENT DESCRIPTION 


tested, but the project is not yet 
funded as an approved Space Shuttle 
component. The open cherry picker 
concept is mere fully described in 
Section 4. 8. 2. 4. 

Extravehicular Mobility Unit (EMU) 4 


EVA Mobility Aids 

The orb' r crew can don full pressure 
suits .^.vavehicular Mobility Units) 
and manually handle equipment and 
materials for assembling and perform- 
ing other operations involving large 
space structures. In so doing, they 
will utilize handholds, handrails, 
tethers, foot supports and tools 
especially designed for aiding 
mobility and providing body stabi- 
lization in space. 

Various aspects of EVA operations 
are described in Section 4.8. A 
4-psi EMU is currently undergoing 
funding development for Space 
Shuttle operations. The orbiter 
provides a baseline set of hand- 
holds and tethers for EVA opera- 
tions in the cargo bay. 


POTENTIAL USAGES 


o Transport moderate sized 
objects . 

o Guide large objects for 
joining. 

o Perform assembly/maintenance 

o Make electrical connections 
and fluid connections. 

o Inspect, monitor 

o Adjust 

o Latch/unlatch 

o Release /deploy 

o Retract, remove objects. 

o Control manipulators. 


° Special Devices 


A wide range of unique items has 
been studied for performing various 
phases of construction and other 
operations involving large space 
structures. Such devices include: 
fixtures, jigs, dispensers (rolls, 
magazines), rail convi yors , special 
handling and positioning aids, 
teleoperator devices, cranes and 
self -maneuvering vehicles. These 
devices usually are conceived as 
unique to the particular project. 


o As required for defined 
operations 
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Table 4.4-7. Equipment Options to Assist Payload Deployment, Construction, 
Maintenance, Checkout and Stowage on Orbit (Continued) 


EQUIPMENT DESCRIPTION 

POTENTIAL USAGES 

although they may have other, more 
general uses. They may interface 
with orbiter structures and subsystems 
or only with the large space structure 
project. Such devices are not described 
in this document because they are not 
currently considered as a part of the 
Shuttle system. 

e 
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4.5 REMOTE MANIPULATOR SYSTEM CONSTRAINTS AND GUIDELINES 


The Shuttle Remote Manipulator System (RMS) is the most significant, 
operationally useful portion of the payload deployment and retrieval system 
(PDRS). 

It is the primary means for remotely handling carriers and payloads, and 
for performing additional operations of which a manipulator is capable. RMS 
(as defined herein) consists of the manipulator retention latches, the manipu- 
lator positioning mechanism, the manipulator jettison subsystem control and 
monitoring devices, the manipulator arm, and a basic payload-handling end effec- 
tor as shown in Figure 4.5-5. The cargo bay portion of the RMS is 50 feet in 
length and is mounted on the port (standard) or starboard (optional) side of 
the vehicle. The RMS arm is stowed outside the cargo bay envelope. However, 
the stowage position restricts the nominal clearance space for removal of large 
payloads. Therefore, the arm is supported on hinged retention mechanisms per- 
mitting it to be rotated outboard as shown in Figure 4.5-3. The RMS arm accom- 
modates lights, TV cameras and electronics for illumination and viewing of remote 
locations as described in Section 4.9. 

Additional dimensional details of the RMS arm are shown in Figure 4.5-4. 
These dimensions must be considered in planning for clearances in transport and 
assembly operations using the RMS. 

A second (optional) manipulator arm can be installed on the starboard 
longeron if compatible with STS operational constraints. The weight of the 
second manipulator is weight chargeable tc the payload. This weight is 9G5 
lbs., including the standard end effector and TV at the wrist (TV also mounted 
at the elbow is an additional 28 lbs). Capability is provided to operate two 
manipulators in serial-only (non-simultaceous) operations. Capability is pro- 
vided to hold the payload with the manipulator arm m a chosen position while 
operating the second manipulator arm. 

The capability is provided to jettison each manipulator arm assembly. 
Sufficient redundancy is provided to insure that the payload can be released 
prior to RMS arm jettison (NASA 1980 (a)). 

4.5.1 General RMS Capabilities 

Table 4.5-1 lists RMS general capabilities and constraints applicable to 
large space projects construction, maintenance, checkout and related operations- 
More detailed and specific constraints and capabilities relating to reach and 
performance are ; resented herein. 

4.5.2 RMS Reach and Performance Characteristics 


A highly critical constraint on use cf the RMS for space construction and 
many other operations involving large space structures design is the RMS func- 
tional reach capability. 

Figures 4.5-10 through 4.5-12 depict the maximum reach capability of the 
RMS. These figures indicate the end effector tip reach limitations, but do not 
imply that the full arm torque/force capability exists along the reach arcs 
described. The limits shown in the figures are actually "contours" with 
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Table 4.5-1. Checklist 


General Capabilities and Constraints 



: RMS 


CONSTRAINTS / • QUAL 1 FI CAT 1 ONS 

REFERENCES 

IMPLICATIONS 

In orbit, the RMS is capable of deploying 
a maximum envelope (approximately 
15 feet diameter x 60 feet long), maximum 
weight 65,000 lbs (29,484 kg) payload. (R-l) 

NASA 1980 (a) 

Under normal operational conditions, the RMS 
is capable of retrieving a 32,000 lb (14,515 
kg) payload and placing it in a position for 
engagement with the cargo retention system 
in the cargo bay for return to earth. (R-l) 


• Under clearly defined contingency condi- 
tions, the RMS is capable of retrieving 
a maxi mine weight payload (65,000 lbs) in 
a non-time constrained operation. (The 
requirement for retrieval of a payload 
weighing more than 32,000 lbs could be 
to correct a malfunction in the payload 
and subsequently redeploy the payload. 

The orbiter entry and landing Is normally 
constrained to payloads weighing less than 
32,000 lbs.). 


Deployment of a maxi sum envelope, maximum 
weight payload can be accomplished in approx- 
imately 25 minutes from release of payload 
tiedown to release of the payload at the 
RMS fully deployed position. (R-l) 


The RMS is capable of supporting up to a 
maximum weight payload in the preplanned 
deployed position under the attitude stabi- 
lization loads imposed by the orbiter vernier 
RCS (operating and minimum impulse mode). (R-l) 


. Also see Section 4.5.2. 


Within the operational reach limits of the 
RMS, the orbiter vehicle will have 
the capability to deploy and/or retrieve 
single or multiple payload elements ou-orbit 
during a single flight. Within defined limi- 
tations, the RMS may also be used to place 
payloads on, or dock payloads with, a situa- 
bly configured and stabilized body. (R-l) 

NASA 1980 (a) 

Capability is useful 
• for construction of 
large space structures 








Table 4.5-1. Checkli.it: 




General Capabilitiea and Constraints (Continued) 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


) Standard end effector provided with the RMS. 

(R-l) 

. See Figure 4.5-5, a perspective illustra- 
tion of the end effector. 

) The standard snare end effector is designed 
to mate with a target and grapple fixture 
(provided by the payload). (R-l) 

. See Figures 4.5-6, 4.5-7 and 4.5-8 for 
dimensions and grapple procedure details. 

) The RMS also has the on-orbit capability of 
grappling a special purpose end effector 
(payload provided) and providing an elec- 
trical connection across the interface for 
control of the special end effector. This 
connection may also be used to provide power 
and/or signals to payloads, if the payload 
provides the compliance and mating connector 
within its grapple fixture. The electrical 
connector is fitted on the outside of the 
standard end effector at the end effector/ 
payload interface as indicated in Figure 
a. 5-5. The power for the special purpose 
end effector or payload is taken from the 
28V arm power bus. Wiring is provided from 
the orbiter flight deck on-orbit station 
distribution panel to the RMS shoulder inter- 
face, and from there to the face of the 
standard end effector. (R-l) 


Controls and displays for command or signals 
to the special purpose end effector or to 
payloads must be provided by the payload. 

The wire gaging and quantities available 
for this interface are shown in Figure 4.5-9. 

(R-l) 

On-orbit stowage of any special purpose end 
effector oust be provided by the payloads. 

The RMS standard end effector oiay be ex- 
changed on the ground with a special end 
effector for use on-orbit. (R-l) 


NASA 1980 (a) 


Affects design of 
displays and controls 
for on-orbit opera- 
tions . 

Affects design of 
special end effec- 
tors and systems for 
space construction. 
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Table 4.5-1. Checklist: RMS General Capabilities and Constraints (Continued) 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


Insofar as it is intrinsic in the RMS design 
for payload deployment and retrieval, the 
RMS may also be used to perform other tasks 
in support of payload servicing and as an 
aid in translating an EVA crewman to assist 
in extra vehicular activities. An EVA hand- 
hold is an integral part of the RKS end 
effector. (R-l) 

. Also see Sections 4. 8. 2.1 and 4. 8. 2. 4, 
which discuss EVA assistance by the RMS. 
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r igure 4.5-11. Side View of Orbiter and Y-Contours (Looking starboard) 
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respect to the axis that is orthogonal to the plane of the paper. The contours 
shown do not account for orbiter structure /RMS interference. Total reach 
accessibility within the contour envelopes may, therefore, not be available. 

The actual reach capability for a flight or payload task will be analyzed 
prior to flight. Figure 4.5-13 indicates the reach restrictions caused by 
Che orbiter cabin and payload bay longerons, doors, etc. This figure als't 
shows normal visible areas thru the upper window of the maximum reach envelope. 

Among the significant constraints on RMS reach are the limitations imposed 
by specific orientations of the end effector. Figure 4.5-14 depicts the reach- 
able area of the cargo bay volume when the end effector is vertically oriented. 
Table 4.5-2 lists key RMS performance characteristics. 

A key concern of payload handling operations independent of large space 
structures is the capability of the RMS to withstand VRCS and PROS thrusting 
loads. Such cases are unlikely to concern designers of large space structures, 
since most module handling will be done while the orbiter is attached to the 
large structure, and RCS firings will be inhibited. However, Table 4.5-2 and 
Table 4.5-3 include such constraints. Also, further summarization is offered 
in Table 4.5-4 for various arm loading conditions. In all loaded arm cases, 
the arm must not be in singularity or reach limit zones. 

In general, the VRCS can be used to orient the orbiter/RMS /payload com- 
bination under the normal circumstances; the orbiter can stationkeep with the 
unloaded arm in a "poise to capture" position (which requires the PRCS). The 
PRCS cannot be used to maneuver the orbiter/RMS /payload if the payload exceeds 
32,000 lbs. The orbiter/RMS/payload can be maneuvered with the low thrust 
modes of the PRCS, if the payload is very light (below 1,000 lbs). Unique 
orbiter/RMS/payload maneuvering requirements must be evaluated according to 
specific mission characteristics. 

4.5.3 RMS Control System 

The following descriptive material is abstracted from JSC-O770U, Vol. 

XIV (NASA 1980 (a)). Control of the RMS is effected by the operator from the 
RMS D&C panel in the aft flight deck. The operator has access to four prime 
control modes, in which he has varying degrees of software support, and a 
back-up mode which completely by-passes the control and display software. 

The control modes that can be selected by the operator are as follows: 

(1) Manual Augmented Mode - The operator issues conmands through two three- 
degrees of freedom hand controllers for commanding resolved rates for 

the six degrees of freedom of the arm. The rotacional controller provides 
for resolved roll, pitch, and yaw without inducing tranalation at the 
point of resolution. The translation controller provides for resolved 
up /down, left/right, fore/aft translation without reducing rotation. 

(2) Automatic Mode - The manipulator arm movement can be controlled auto- 
matically along a prespecified trajectory. This trajectory is defined 
by a series of predefined positions and orientations stored in the G?C. 

The operator can select up to four preprogrammed automatic trajectories 
from the D&C panel mode select rotary switch. Up to 200 points (total) 
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Figure 4.5-13. 


Maximum Reach Envelope for RMS Arm 
(Excluding Elbow Bend Capability) 
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Figure 4.5-14. RMS Capability to Reach Surfaces of Payload Bay 
Envelope with End Effector Vertically Downward 



Table 4.5-2* Checklist: Key RMS Performance Characteristics Constraining 
Design for Large Space Structures 


( ) CONSTRAINTS /• QUALIFICATIONS 


( ) The velocity of the RMS end effector is 
limited to 2 ft/sec for the unloaded arm, 
to 0.2 ft/sec when a homogeneous, maximum 
envelope <32, COO lbs) payload is attached 
to it and to other values based on tha mass 
properties of the payload when other payloads 
are attached. 

( ) At a time not lass than 10 minutes after 

deactivation of the orbiter RCS, the RMS 
will be capable of releasing ma x imum 
envelope payloads of 65,000 lbs with the 
fol loving accuracy: 

. Attitude within 5 degrees of specified 
orientation relative to the orbiter struc- 
tural coordinate system. Additional 
attitude error contributions by the 
orbiter may include the 2 degree uncer- 
tainty between the orbiter structural 
coordinate system and its NAV base, the 
vehicle drift resulting from the vernier 
attitude control capability, plus gravity 
gradient torque effects. The latter two 
will depend on mission timelines and pay- 
load thermal constraints (shadowing atti- 
tude requirements) and so must be deter- 
mined on an individual flight design basis. 

• Angular rate of the payload relative to 
the orbiter less than or equal to 0.015 
degrees per second. Additional angular 
rate errors contributed by the orbiter may 
include the vernier attitude control rate 
uncertainty of 0.01 degree per second plus 
gravity gradient torque effects. The 
gravity gradient effects could be signifi- 
cant, but are dependent on the required 
orbiter attitude pointing. The total 
system angular rate should be defined on 
a flight design basis. 

, Linear motion of less than 0.10 feet per 
second, relative to orbiter shoulder attach 
point. 
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Table 445-2* Checklist: Key RMS Performance Character!* tics Constraining 
Design for Large Spaca Structures (Continued) 


( ) GUIDEUNES/-QUAUF1 CAT IONS 

REFERENCES 1 


( ) In the automatic mode, the SMS is capable 

NASA 1980 (a) 

of accurately positioning the end effector 


(loaded or unloaded) within +2.0 inches 


(50.8am) and 4-1° relative to~the shoulder 


attach point." 


* Longeron aechanical inaccuracies and 


thermal distortions at the shoulder 


attachment could add as much .is an addi- 


tiooel 7-inch error in radius of position 


plus 1 degree in end effector orientation* 


. The end-to-end position inaccuracies are 


dependent on actual RMS geometry and may 


require analysis for the planned appli- 


cation. 


» In the manual augmented mode the end 


effector positioning accuracy is primarily 


a function of operator visibility* 


( ) The manipulator arm will transmit, when 

NASA 1980 (a) 

fully extended and attached to a payload. 


loads not exceeding the following: 


« A combined 12 lb. shear force and 160 ft. 


lb. bending moment at the end effector. 


. A 230 fi.. lb. torque about the end effector 


axis. An example of the forces and torques 


that be applied by the end effector for 


various arm configurations, are shown in 


Table 4.5-3. 


( ) The manipulator arm is capable of operating 

NASA 1980 (a) 

(when exposed tc direct and/or reflected 


sunlight) for not less than; 


. 30 minutes when operating in the cargo bay 


. 120 minutes when operating outside the 


cargo bay. 
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Table 4.5-2. Checklist: Key RMS Performance Characteristics Constraining 
Design for Large Space Structures (Continued) 


( ) GUI DELINES/-QUALI FICATIONS 


( ) Tie unloaded arm can operate with no 

restrictions on VRCS (Vernier RCS) except 
that the arm must not be in singularity or 
reach limit zones. The only restrictions 
on PRCS (Primary RCS) firings for the un- 
loaded RMS are that the arm cannot be simul- 
taneously maneuvered with thruster firings* 
it must be outside the singularity and reach 
limit warning zones* and no high-thrust 
level Z axis or pitch thruster firings of 
duration longer than TBD seconds are allowed. 

( ) The arm can handle a payload of 32*000 lbs 

or less and withstand PRCS firings if the 
loaded arm is not being maneuvered; only 
single minimum impulse PRCS are allowed* 
however* with intervals between firings 
sufficient to allow RMS motion to settle. 

( ) Tor payloads greater than 32*000 lbs, no 

PRCS firings are allowed. No restrictions 
are required for VRCS firings (for orbiter 
attitude changes or stabilization) other 
than no VRCS firings are allowed if the 
loaded arm is in a singularity or reach 
limit zone. 


REFERENCES 




NASA 1980 (a) 


NASA 1980 (a) 


NASA 1980 (a) 








Table 4.5-3. Force/Torque Capability At End Effector 



Torque Range 
(ft/lbs) 
Min. Max. 

Force 

(lbs) 

Min. 

Max. 

Condition 



Shoulder Yaw 

772 - 

1158 

15.44 - 

23.2 

Straight Arm 



Shoulder Pitch 

772 - 

1158 

15.44 - 

23.2 

Straight Arm 



Elbow Pitch 

528 - 

792 

18.41 - 

27.3 

Bent Arm Overall Length 

<42 

ft. 

Wrist Pitch 

231 - 

347 

37.97 - 

57.0 

Bent Arm Overall Length 

<20 

ft. 

Wrist Yaw 

231 - 

347 

54 . 35 - 

81.6 

Bent Arm Overall Length 

<14 

ft. 

Wrist Roll 

231 - 

347 

- 





NOTE: All 

values are 

quotes 

for the arm 

under 

steady state rigid 




body static condition. E.G. In Cargo Bay - And Single Joint 
Drive 


Reference: NASA 1980(a), Vol. XIV, Table 8.1 


Table 4.5-4. Summary of RMS Capability to 

Withstand VRCS and PRCS Thrusting 

Source: NASA 1980(a) 


SYSTEM RMS LOAD CAPABILITY 

CONDITION V- Ok 


VRCS Unloaded yj 

32,000 Lb .^Payload V 

32,000 Lb.<Payload<65,000 lb. >/ 


PRCS Unloaded V* if arm is not being maneuvered 

and no pitch of Z-thrusting longer 
than TBD sec. 

32,000 Lb.^Payluad Vt if single min-pulse firing 

and arm not being maneuvered. 

32,000 Lb XPayload £65,000 lb. No 


Reference: NASA 1980(a), Vol. XIV, p. 8-5 
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can be scored for aueo trajectories, each point defined by orbiter 
reference position X, Y, Z , plus yaw, pitch, roll orientation. 

A second type of automatic trajectory can be initiated by the RMS 
operator through the DAC select switch and the GPC keyboard. This 
is the operator commanded auto sequence mode and is initiated by 
input of the required position and orientation of the end effector 
or payload. A straight line trajectory is then performed from the 
current position and orientation to the desired position a;<d orien- 
tation. 

The above automatic sequence capabilities are available to be negotiated 
by payloads on an individual basis. 

(3) Single Joint Drive Mode - The operator commands, through DAC panel 
switches, movements of individual arm joints. These commands are 
made through the RMS software, which controls the position of all 
joints, limits drive speeds, provides joint position displays, and 
indicates when joint angle reach limits are encountered. 

(4) Direct Drive Mode - Direct drive control of the RMS is by operator 
conmand of individual joints, using hardwired commands from the DAC 
panel , This is a contingency mode which by— passes the software when 
driving the motors (software data is normally displayed). 

(5) Back-Up Drive Mode - Back-up control of individual joints by operator 
commands through unique hardwired channels* No position data is dis- 
played. 

The combined operations of the six joints of the manipulator arm, through 
one of the appropriate control modes above, enables the operator to move the 
end effector in six degrees of freedom (three degrees of motion in translation, 
three in rotation). The coordinate systems relating these travel directions 
are shown in Figure 4.5-15. In the manual modes, the operator conmands move- 
ment of the end effector using the THC and RHC in the selected coordinate 
system. Operations in the automatic control mode will utilize the orbiter 
reference coordinate system. 

4.5.4 RMS Software 

The RMS software, under which most RMS operations are performed, resides 
in the orbiter Ciineral Purpose Computer (GPC). (NASA 1980 (a)). The RMS 
software pev forms 'the following functions t 

(1) Translates operator commands into RMS arm operations and motions. 

(2) Monitors RMS status. 

(3) Performs display computational tasks for information to the RMS operator, 
including caution and warning. 
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CHANGE NO. 31 




<S2 


OR BITER UNLOADED. POINT OF RESOLUTION 
IS TIP OF END EFFECTOR. 


OR8ITER LOADED. POINT OF RESOLUTION 
IS MASS OR GEOMETRIC CENTER OF PAYLOAD. 


t' 

i 

a. 



IS TIP OF END EFFECTOR. 


X 


YAW 



PAYLOAD. POINT OF RESOLUTION IS MASS 
OR GEOMETRIC CENTER OF THE PAYLOAD. 


Figure A. 5-15. Control Coordinate Reference Systems 




Control algorithms contained in the RMS software convert operator 
commands (normally input by the hand controllers at the D&C panel) into out- 
put rates resolved for each joint of the arm. The rate demands to the joint 
servos are output within limits defined according Co arm and individual joint 
loading conditions present at the time of computation. 

4. 5 .4.1 Initialization Data 

Parameters with which the RMS software is initialized may vary from 
flight to flight. These parameters may be RMS hardware dependent (generally 
called I-loads) or flight and payload dependent (generally called Level C data). 
The hardware dependent parameters include: 

(a) End effector length 

(b) Hand controller biases 

(c) Tachometer biases, etc. 

The flight and payload dependent parameters include those listed in 
Table 4.5-5, 


Table 4,5-5. Flight and Payload Dependent Parameters for RMS 



Coarse 

Vernier 

Jiaximum Payload Translation Rate 

0.2 fps 

0.01 fps 

Maximum Payload Rotation Rate 

0.0083 rad /sec 

0.00415 rad/sec 

Joint Angle Course Rate Limits 

— 

— 

Joint Angle Vernier Rate Limits 

— 

— 

Payload to End Effector Trans- 
formation Matrix 

(TBD) 

(TBD) 

Automatic Trajectory Parameters 

(TBD) 

(TBD) 


The RMS initialization parameters (I-Load and Level C ' are identified 
in SSD77-SH-0002A, Level C Functional Subsystem Software Sa-.'uireiaents (FSSR) 
Document. Some of these quantities can be changed on-orbit, through GPC key- 
board input. To generate the payload dependent RMS software parameters, pay- 
load characteristics should be provided approximately one year prior to flight. 
These characteristics, and their allowable variations, are as follows: 

(1) Payload Mass to +10Z. 

(2) Payload Center of Mass to +6 inches, defined in Payload Coordinate 

System. "* 

(3) Moments of Inertia about Payload Principle Axes to +10 Z. 

(4) Payload Cross Products of Inertia, to +10%. 

(5) Grapple fixture location(s) and installation orientation, in payload 
coordinates. If the payload has no preference, NASA will select 
grapple fixture orientation. The grapple fixture will normally be 
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4.6 PAYLOAD INSTALLATION AND DEPLOYMENT AID 


V 


The descriptive material in this section is all abstracted from an undated 
article by T. 0. Ross of the Johnson Space Center, entitled "Payload Installa- 
tion and Deployment Aid for Space Shuttle Orbiter Spacecraft Remote Manipulator 
System." The material included herein is selected to emphasize planned capa- 
bilities, rather Chan describe details of how the mechanisms function. 

Early developmental testing of the Remote Manipulator System (RMS) revealed 
that on-orbit handling of various payloads on the Space Shuttle Orbiter Space- 
craft may prove to be beyond the capability of the system without the assistance 
of a handling aid. 

An aid concept known as the PIDA (Payload Installation and Deployment Aid) 
is presented as a way to assist the RMS by relaxing the accuracy required during 
payload handling in the payload bay. The aid concept was designed and developed 
to move payloads through a prescribed path between the confined quarters of the 
payload bay and a position outside the critical maneuvering area of the orbiter. 

An androgynous docking mechanism is used at the payload/PIDA interfaces 
for normal docking functions that also serves as a structural connection between 
the payload and the orbiter that is capable of being loosened to prevent trans- 
fer of loads between a stoweu payload and the PIDA structure. A gearmotor driven 
drum/cable system is used in the docking mechanism in a unique manner to center 
the attenuator assembly, align the ring and guide assembly (docking interface) 
in roll, pitch, and yaw, and rigidize the mechanism at a nominal position. A 
description of the design requirements and the modes of operation of the various 
functions of the deployment and the docking mechanisms are covered in the follow- 
ing paragraphs. 

The PIDA is presently being fabricated as flight-like hardware for engi- 
neering development test and evaluation in the JSC Manipulator Development 
Facility. This effort is intended to develop the PIDA concept to a state of 
readiness for a minimum lead time for flight hardware and at the same time 
developing the electromechanical actuator and the docking mechanism for potential 
use in other applications. 

4.6.1 Requirements 

The basic requirements that were imposed on the Payload Installation and 
Deployment Aid concept are: 

o Provide line of sight docking points outside of critical maneuvering 
area. 

o Utilize single point capture steps as opposed to multi-points requir- 
ing simultaneous capture. 

o Use mechanism to move the payload from deployed to stowed position 
without exceeding a 75am (3.0 inch) payload clearance envelope. 

o Be controllable by crew from AFD. 

o Acconsaodate payloads ranging up to 4.57 meters (15 ft) dia. by 13.3 
meters (60 ft 
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Figure 4. 6-1, PIDA Deployment Sequence 




o Be controllable by crew from AFD. 

o Accommodate payloads ranging up to 4.57 meters (15 ft) dia by 18.3 
meters (60 ft) long and 29.484 kg (65,000 lbs) weight. 

o Accommodate payload contact velocities up to 30mm/se c (.10 ft/sec) 
and .011 rad/sec with a lateral mismatch of 150nm (6.0 inches) 
maximum and angular mismatches of +15° in pitch and yaw and +10° 
roll. ”* * 

o Design the PIDA to stow in a confined space under the closed cargo 
bay doors outside the pcyload clearance envelope. 

o Utilize existing longeron bridge fitting attachments for structural 
connection. 

4.6.2 PIDA Assembly Description 

The PIDA assembly shown in Figure 4.6-2 is made up of a deploy/stow 
mechanism, an interface mechanism, an electromechanical rotary actuator with 
its respective electronic controls, and a base, with a jettison interface, that 
connects the assembly to the orbiter longeron bridge fitting on installation. 

The operation of the assembly between the stowed and deployed positions, 
shown in Figure 4.6-3, is dona remotely from the RMS operator's station. The 
operator can select the degree of deployment desired and monitor its position 
from a display of the optical encoder data that is used to control the drive 
motors and keep them synchronized to within one-tenth of a degree. Preprogram- 
ming for a specific payload provides the control of the master drive to accel- 
erate and then decelerate the payload to stop at the desired point without 
overrun or excessive structural loads on the PIDA structure, the payload, or 
the orbiter longeron attach points. The accuracy provided by the control 
system offers precise pointing of payloads and opens the possibility of 
limited tracking using the PIDA drive system with added tracking sensors* 

4.6.3 Deploy/Stow Mechanism 

The basic purpose of the deploy/stow mechanism is to control the movement 
of the payload positively and accurately between the stowed and deployed posi- 
tions and to locate the payload in a deploy position that is away from the 
orbiter, outside of the critical maneuvering area but with the docking inter- 
faces in the line of sight of the RMS operator. Design guidelines required 
that the movement between the stowed and deployed positions be provided without 
exceeding a 75mm (3.0 inches) payload clearance envelope and that the deployed 
position be located for a minimum clearance of 50cm (19.5 inches) between the 
payload and the orbiter (or any orbiter appendages). The configuration must 
permit the mechanism to be stowed in a confined space under the closed cargo 
bay doors and radiators, yet outside the cargo bay clearance envelope. 

The four bar mechanism shown in Figure 4.6-4 has a tabular drive arm 
member Chat is connected at one end to the base and the other end to the crank 
arm on the interface mechanism. A drag link that serves as a tension/com- 
pression tie between the base and Che end of the crank arm provides the linkage 
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Figure 4. 6-3. PIDA Assembly Operating Positions 
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Figure 4.6-4. Deploy/Stow Mechanism 
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to turn th« crank arm aa che main arm ia driven from one position to another 
by an electromechanical rotary actuator. As the main arm rotates through an 
angle of 55 0 3Q*, the crank arm rotates the interface mechanism 102°37' for an 
angular displacement ratio of 1.83:1. The total rotation of che payload axis 
relative to the orbiter axis is che sum of these two angles. 

Figure 4.6-5 shows how the initial part of the C.C. path approximates an 
upward (+Z 0 axis) linear withdrawl by a low amplitude sinusoidal movement. 

The movement of the longeron trunnion next to the mechanism, shown in detail* 
"Z", provides an upward and outboard movement that is compatible with the 
deployable retention fittings. 

4.6.4 Interface Mechanism 


The payload/PIDA interface mechanism, shown in Figures 4.6-6 and 4.6-7, 
includes a docking mechanism for the RMS operator to connect or disconnect the 
payload from the deploy/stow mechanism and a structural connection to positively 
hold the payload during deploy or stow actuation to aid accurate positioning 
of the payload in the payload bay. After che payload has been placed in the 
fully stowed position, the structural connection through the PIDA is loosened 
to provide compliance in order to force the retention fittings to be the 
primary load paths. The mechanism provides the basic functional modes of 
docking, such aa, compliance, capture, energy absorption, alignment and rigid!- 
ration in addition to the stowed position compliance. 

Docking Compliance 

Docking compliance is provided to allow the two mating sides of the inter- 
face to align in order that the capture latches can operate. The mechanism 
on the active side of the docking interface moves as required for alignment 
except for lateral compliance. 

The lateral compliance and attenuation is not an active part of the mech- 
anism, but is accommodated by the dynamics of the orbiter and payload inter- 
reactions. 

The axial compliance and attenuation, both compression and extension, is 
furnished by a hydraulic-type attenuator that has internal spring action to 
return it to a nominal position that is preloaded in both directions. 

The roll alignment movement is permitted by the outer part of the ring 
and guide assembly being free to rotate relative to the center part of the 
assembly. The two parts are connected through two ball bearings and are spring 
loaded to a nominal position by the spring preload. 

The pitch and yaw compliance is provided by s universal joint located 
between .he center of the interface ring and the attenuator assembly. 

Provisions for docking capture include the guides on the interface ring 
which are sized for 152am (6.0 inches) lateral misalignment (which includes 
the. mismatch due to ♦IS 0 pitch or yaw) in combination with a roll misalignment 
of +10°. The guide configuration provides lateral forces to act on the orbiter 
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Figure 4.6-5. Single Stage Deploy/Stow Actuation 
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and payload for dynamic lateral compliance to permit the capture latches tc 
engage. The capture latches are designed such Chat, if insufficient latches 
are engaged to react capture loads, none will remain engaged. Any two latches 
are able to react the capture loads. If only one latch is engaged, the force 
vectors act in a direction upon the latch during a separation motion such that 
the toggle linkage of the latch will collapse to allow the two docking surfaces 
to separate freely. The capture latches serve a dual role inasmuch as they 
are also used as the structural latches to secure the payload to the orbiter 
after the docking phase is complete. 

Energy absorption capability is also provided. A payload with kinetic 
energy relative to the orbiter, contacts the docking interface causing the 
attenuator assembly to be compressed. During this compression stroke, hydraulic 
fluid is metered from the head end to the rod end of the attenuator. Part of. 
the kinetic energy is dissipated by the fluid metering and the remainder is 
stored in the attenuator spring as potential energy. At the end of the com- 
pression stroke, the spring forces the attenuator to extend toward the nominal 
position transferring the potential energy back into the payload as kinetic 
energy. During this extension stroke, the fluid is metered from the rod end 
to the head end of the attenuator, further dissipating energy. As the atten- 
uator reaches its nominal position the attenuator spring reverses its force 
direction to once again store the undissipated energy as potential energy. 

The residual energy is dissipated by the subsequent extension and compression 
strokes with rapidly decaying amplitude so that ultimately all motion is 
arrested and the interface returned to the nominal position. 

Alignment and rigidization follows capture. Roll, pitch and yew alignment 
across the interface is provided by the ring and guide assembly on each *:de 
mating with the one on the ocher side of the interface. This allows a payload 
to be positioned accurately even in installations employing only one PIDA 
assembly. 

The holding requirement of the mechanism is based on an interface moment 
of 678 N-m (500 lb-ft) as determined from dynamic analysis of the payload/ 
orbiter system using math modeling. 

The inside of the cable drum has two cam surfaces located symmetrically 
opposite each other to actuate two cam followers, one on each side of the 
attenuator, to force it to a centered position or free it to allow the atten- 
uator to pivot during the stowed position compliance movement. In the upper 
half of Figure 4.6-7 the attenuator is held centered and the lower half of the 
view shows the cam surface away from tha cam follower to allow the attenuator 
to pivot. 

4.6.5 Stowed Position Compliance 

The payload retention system requires that the payload be permitted to 
have a three axis movement to accommodate thermal deflections. This necessi- 
tated that the PIDA have the same freedom if it is not to act as a primary 
structural connection for a stowed payload. The x-x axis freedom is provided 
by floating one of the passive docking interfaces on the payload and it being 
spring loaded to a center or nominal contact position. The y-y axis and z-z 
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4.7 OTHER MAJOR EQUIPMENT OPTIONS 

The devices described in this section are generally of a more specialized 
nature, designed originally for specific shuttle missions in the classes 
of sortie or deployment/retrieval of frae-flyer satellites. However, each 
has some potential as a means to carry, deploy or handle materials or equipment 
for assisting large space construction. Although these devices may not be 
ideal, they may meet a need without requiring a great deal of new engineer- 
ing development. 

4.7.1 Flight Support System for Multi-Mission Modular Spacecraft 

The Flight Support System (FSS) is reusable equipment that provides 
the structural, mechanical, thermal, and electrical interfaces between the 
Multimission Modular Spacecraft (MMS) and the Space Shuttle for launch, 
retrieval, and on-orbit servicing missions. The FSS baseline configuration 
consists of three structural cradles, mechanisms for spacecraft retention 
and positioning, and avionics. The avionics provide all necessary 
power, command, control, and data monitoring interfaces to electrically 
support all operational modes of the baseline MMS from the orbiter. All 
or parts of the FSS are potentially useful as payload handling aids. 


The three major hardware elements are: 

• Cradle A - With a remotely operated retention system that 
provides structural support during -launch, reentry, and land- 
ing. See Figure 4.7-1. 

• Cradle B - A stiffener that bolts to cradle A to increase 
load capability and that provides additional attach points 
for optional equipment. See Figure 4.7-2. 

• Cradle A ' - With the remotely operated Berthing/Positioning 
System that provides spacecraft positioning capability on- 
orbit for appendage extention or retraction, inspection, 
predeployment testing, deployment, servicing, or retrieval 
berthing. See Figure 4.7-3. 

In the baseline configuration, these hardware elements are combined 
and installed in the orbiter as shown in Figure 4.7-4 and 4.7-5. The FSS 
can be placed in any of several possible locations in the orbiter cargo bay, , 
facing either forward or aft. In addition, the spacecraft can be placed 
at any of three preselected positions in the FSS. 

The FSS avionics provide for electrical operation of the Berthing and 
Positioning System mechanisms and electrical support services to the MMS 
while on the ground and on-orbit. These services, shown in Figure 4.7-6, 
include operating power, externally applied heater power and serial commands 
and telemetry relay to the user's Payload Operations Control Center (POCC) 
via orbiter avionics and the Mission Control Center. Control and monitor 
of hardline digital and analog signals (not serially encoded data) by the 
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Figure 4.7-3. FSS Component a: Cradle A* 
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figure 4.7-6. h'SS Kleclrical and Avionics Services to User 





orbicer crew ere accommodated ac che Aft Flight Deck (AFD) using standard 
equipment. These signals ere also relayed to the user's POCC. These services 
un the ground are provided by the Ground Support Equipment (CSE) via the 
orbiter's T-0 umbilical (excluding the mechanism drives). When the FSS/ 
spacecraft is not installed in the orbiter, the electrical GS£ interface is 
accomplished by directly connecting to the Orbiter/FSS Interface Unit (OFIU), 

The FSS GSE is incorporated in che MMS Ground Support System (CSS), 
which is described in the MMS GSS Specification S-700-100. This equipment 
has the capability to electrically check out and operate the FSS. Mechanical 
GSE is provided for transporting and lifting the FSS either with or without 
a spacecraft payload. 

4. 7. 1.1 Alternate Configurations 

There arc several alternate FSS configurations that can be used for 
supporting particular missions. For example, if the Berthing/Positioning 
System is not required, Cradle A* need not be flown. Cradle A can be used 
alone or in the A and B configuration. Alternately, Cradle A' can be used 
alone, with the spacecraft loads supported by the orbiter's longeron and 
keel latches. Cradle B can be used alone in a limited number of locations 
within che cargo bay. 

For missions in which it is necessary to reverse che location of the 
positioning platform to the opposite end of the FSS, cradles A and A* may be 
interchanged or the entire FSS can be rotated. 

A spacecraft can be installed in Craule A, Cradle B, or the combination 
with its longitudinal axis vertical when a payload interfacing platform is 
provided. This platform is yet to be developed and is not presently funded. 
Provision has been made for use of a swing-sway latch beam (to be developed) 
Chat would allow two spacecraft to be carried in Cradles A and B in an over" 
and-under configuration. The beam is conceptually designed and its imple- 
mentation is to be studied. It is possible for the FSS to carry a spacecraft 
in a position over the Spacelab tunnel; however, special ground-handling 
equipment would have to be developed, and the integration procedure would 
have to be coordinated with the Kennedy Space Center (KSC). Figure 4.7-7 
shows these alternate configurations in concept. 

4. 7.1.2 Mechanisms 

The FSS contains 12 motor driven mechanisms that perform seven separate 
functions as listed below. Figure 4.7-4 shows these mechanisms. 

1) Retention - 3 latches 

2) Berthing - 3 latches 

3) Umbilical connection - 2 connector devices 

4 ) Rotation - 1 rotator 

5) Pivoting - 1 pivoting mechanism 
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6) Translating - 1 translation system 

7) Locking - 1 locking latch 

All of tha 12 mechanisms ar« driven by aithar a high- or low-speed Common 
Drivt Unit (CDU). Each CDU consists of dual thraa phasa 11J-V, 400-Hz motors 
driving through apaad raduction gearing and a spur gear. 

Furthar dascriptiva detail concerning these mechanisms and other system 
details is provided in the MMS/FSS User ’a Guide (NASA 1980 (c))« 

A. 7.2 Spacalab Pallets 


Bulk handling of cargo has bean shown affective as a manna to save time 
and cost in many industrial and agricultural situations. The~efore, designers 
of large space structures may well be interested in currently planned cradles 
and pallets for various Shuttle payloads, devices which potentially could be 
used for support ard bulk handling of equipment and construction materials. 

One such set of devices is the group of pallets designed for the Spacelab 
missions, which are described in the Spacelab Accommodations Handbook. ESA 
SLP/2104. 
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4.8 EXTRA VEHICULAR ACTIVITY (EVA) CAPABILITIES/CONSTRAINTS AND GUIDELINES 


i 


Although a great many large space structures design features will be 
compatible with remotely controlled or automatic machinery interfaces, direct, 
"hands-on" processes using space suited crew outside the cabin environment 
are considered a viable and important technique. 

These so-called extravehicular (EVA) methodologies can offer signifi- 
cant cost savings in reducing mechanical and electrical redundancy, avoiding 
development of new and complex remotely controlled machinery for a few special 
activities, and providing for on-site visual monitoring and judgments involv- 
ing assembly and checkout operations and contingency fixes. This section con- 
siders the many aspects of EVA, including constraints involving various planned 
p}.orvsd and proposed hardware aids applicable to large space structures operations, 
cci- wraints and guidelines for decisions involving EVA, procedures for accom- 
plishing EVA und provisions required in the orbiter. 

Tables 4.8-1 4.8-2, 4.8-3, and 4.8-4 summarize Shuttle constraints and 
guidelines for design and operations relating to space construction hardware 
and procedures, together with references to supporting and regulatory documents. 
Brief descriptive material amplifying these topics follows. 

4*8*1 Shuttle Orbiter EVA Definition and Provisions 

(Abstracted from Reference NASA 1980 (a)). The term EVA, as applied to 
the Space Shuttle, includes all activities for which crewmembers don their 
space suits and life support systems, then egress the orbiter cabin through 
an airlock into a space vacuum environment to perform operations internal to 
or external to the cargo bay volume. Further, EVA falls into three basic 
categories: 

(1) Planned - EVA planned prior to launch in order to complete a mission 
objective. 

(2) Unscheduled - EVA not planned, but required to achieve payload opera- 
tion success or advance overall mission accomplishments. 

(3) Contingency - EVA required to effect the safe return of all crew- 
members. 

Each orbiter mission will provide the equipment and consumables required 
for three two-inao EVA operations. Two of the EVA* will be available for pay- 
load operations (e.g., large space construction) and the third retained for 
orbiter contingency EVA. Additional EVAs are possible if additional comsum- 
mablea and equipment weights are allotted to the appropriate payload. Large 
scale space construction operations are likely to benefit from several addi- 
tional EVA operations, both for planned and unscheduled categories. In 
providing this capability, the Shuttle program assumes the costs of the 
development and purchase of che Shuttle EVA systems provisions, standardized 
EVA support equipment, and EVA crew training. 
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Table 4.8-1. Checklist: EVA Hardware Constraints for Space Construction 


( ) CONSTRAINTS /• QUALIFICATIONS 

REFERENCES 

implications 

( ) Space shall be provided to permit EVA 

NASA 1980 (a): 

egress from an airlock into the cargo 

JSC -07700, Vol. XIV, 

bay. (R-l) 

Para. 9.1.1 

. 4 feet from Xo 576 bulkhead is nominally 

Impacts available 

reserved for internal airlock. 

stowage volume. 


See discussion 

. Clearance may be provided by payload 

following. 

deployment or jettison. Contingency 


jettison capability shall always exist* 


. Additional space may be required for 


other airlock configurations. 


( ) The minimum translation corridor for crew- 

NASA 1976 (a): 

members in full EVA gear is 101 cm (40 inches) 

JSC-10615. Para. 4,2 ; 1 

diameter for straight-line translation 


through hatches and tunnel-like structures, 

Crew access space 

or free-floating without translation aids. 

for EVA in space 

Using translation aids (e.g., handholds. 

construction. 

space structures) a minimum of 1.1 cm 


(43 inches) is recommended. Additional 


volume is required for abrupt turns, 


generally 48 inches. (R-l) 

NASA 1977 (a): 


STS User Handbook 

( ) All EVA equipment and space construction 

NASA 1980 (a): 

interfaces must be designed to be compatible 

JSC-07700, Vol. XIV, 

with Shuttle and EVA operations. 

Para. 9.1 

. 

NASA 1976: 


JSC-10615 

1 ) Handrails and handholds shall have the same 

NASA 1980 (a): 

standard dimensions: (R-l) 

JSC-07700, Vol. XIV, 


Para. 9.1.5 

. Cross-section: .72 to ,78 inches thick, 


1.29 to 1.41 inches width 

NASA 1976 (a): 


JSC-10615 

. Offset for finger clearance: 2.25 inches 


to inner surface. 

Affects weight and 


detail design of 

. See JSC-10615 for further details, loads. 

1 fixtures. 

( ) Safety tether attach provisions shall be 

NASA 1976 (a): 

provided along EVA handrails and handhold 

JSC-10615 

pathways, and at workstations. (R-l) 



m t 
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Table 4.3-1. Checklist: EVA Hardware Constraints for Space Construction 
(Continued) 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


Foot restraints shall be provided at EVA 
work stations, and shall be universal, 
Skylab type baselined for orbiter and 
payload applications. (R-l) 


NASA 1976 (a): 
JSC-10615 


Affects weight and 
detail design of 
fixtures. 


( ) All equipment and tools transported or handled I NASA 1976 (a): 


during EVA should provide a safety tether 
attach point. (R-l) 


( ) Crewman translation provisions (e.g., hand- 

rails, handholds, mobility aids) in the 
payload planned EVA work area shall be 
provided by the payload (space construction 
project) if requirements exceed orbiter- 
attached cargo bay handrails. (R-l) 

( ) The EVA crewman and equipment shall be firmly 

secured or tethered at all times except 
during Manned Maneuvering Unit (MMU) 
operations; in this case, equipment will be 
secured to the MMU. (R-l) 


( ) Space construction devices shall provide 

crew safety from electrical, fluid, radia- 
tion, mechanical and other hazards. (R-l) 


) Weight and volume of cargo /equipment transfer 
aids provided for space construction EVA 
support is chargeable to the payload carried 
by the orbiter. (R-l) 


JSC-10615 


Affects weight and 
detail design of 
equipment, tools, 
structure. 

NASA 1976 (a): 
JSC-10615 


Affects design of 
access to cargo bay 
stowage by EVA. 

NASA 1976 (a): 
JSC-10615 


Affects crew timeline, 
procedures, detail 
equipment design. 

NASA 1976 (a): 
JSC-10615 


Affects detail design, 
placement of equip- 
ment and handling 
procedures . 

NASA 1976 (a): 
JSC-10615 


Affects total weight 
to orbit and cost of 
flight. 


4-114 












Table 4.8-1. Checklist: EVA Hardware Constraints for Space Construction 
(Continued) 


( ) CONSTRAINTS /• QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) Weight and volume of portable EVA work 

NASA 1976: 

stations will be chargeable to the space 

JSC-10615 

construction payload carried by the orbiter. 


NASA plans to make standard devices avail- 


able with further development coat charges. 


(R-l) 


( ) Space construction designs (both spacecraft 

NASA 1976: 

and construction equipment) shall adhere to 

JSC-10615, Para. 4.4 

criteria limiting sharp edges, corners and 

and Table 4-4. 

protrusions along translation paths and at 


worksites to avoid possible damage to the 

Affects detail design. 

EMU. (R-l) 


( ) Space construction equ>'.:; ; ont or surfaces 

NASA 1976: 

sensitive to inadvertent ^ysical damage 

JSC-10615. Para. 4.4 

by an EVA crew member shall be protected 


or located outside the EVA translation 

Affects detail design 

path or EVA work areas. (R-l) 

for EVA. 

( ) Crew translation tethers or umbilicals shall 

NASA 1976: 

be restrained to preclude damage or entan- 

JSC-10615 

g lament and possible damage to surrounding 


equipment. (R-l) 

Affects detail design 


for EVA. 

( ) S-band and Ku-band channels will be used for 

NASA 1980 (a): 

cosnunications between all orbiter crew 

JSC-07700 

members and the appropriate grolnd control 


centers for construction operations trans- 

Affects selection of 

mission to ground. Voice and data can be 

support equipment for 

relayed to ground by the TDRSS (Tracking 

construction. 

and Data Relay Satellote System) * (R-l) 


. Reference Figure 4.8-10. 
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Table 4.8-2. Checklist: EVA Hardware Guidelines for Space Construction 


( ) GU I DELINES/-QUAL I F I CATIONS 


( ) EVA work areas and crew interface provisions 

should be standardized as much as practical 
to minimise development and testing costs. 
Equipment should be designed around con- 
ventional , well known techniques. (R-l) 

( ) As applicable, EVA support equipment design 

and lighting will adhere to JSC specifica- 
tions SC-E-0006 and SC-L-0002, respectively. 

(R-l) 

MOTE: A wide variety of special lighting 

considerations apply to space con- 
struction. These are discussed in 
Section 4.f. Such considerations 
may altar the above guidelines by 
means of improved vision apparatus, 
marker beacons, sc If -illuminating 
surfaces and other means to assure 
adequate vision which is the primary 
requirement . 

( ) Handrails shall be colored yellow, 

Federal Standard 595 No. 23785. (R-l) 


REFERENCES 


IEIJVIiEVIIiIRI 


NASA 1976: 

JSC-10615 

Affects selection of 
EVA equipment and 
detail design. 

NASA 1976: 

JSC-10615. Para. 4.1.3 

Affects power required 
for illumination, 
weight, volume, and 
detail design of space 
construction support 
equipment and struc- 
tures/ systems . 

Lighting potentially 
demands high power, 
requires careful 
design analysis. 

Orbiter Engineering 
Documentation 







Table 4.8-3. Checklist: EVA Operations Constraints for Space Construction 


( ) CONSTRAINTS /• QUALIFICATIONS 


( ) Scheduled EVA tine per day for one crew 

member in an EMU is 6 hours at 4.0 psi. 

(R-l) 

. Five hours per day is recommended for 
repetitive activity, to limit the normal 
astronaut work day to 10 hours (5 hours 
is nominal time for pre-breathing and suit 
donning/doffing) . 

. Advanced EMU developments may increase 
available work time per crew day. 

( ) Backup IVA crew (for EVA operator rescue) 

may not pre-breathe 1Q0X oxygen for more 
than 6 hours. (R-l) 


( ) Provisions are required for EVA crew member 

backup (rescue) at levels commensurate with 
job risk. (R-l) 

. Second EVA crew member (buddy system) is 
most desirable and provides most rapid 
backup response. 

. Another option (TBD) is IVA crew member in 
"pre-breathed" condition, ready to suit 
up (1^ hour tnay iTmtm response time) for 
simple entanglement situations. Consider 
effect on total EVA capability (6 Hrs. max.) 

( ) EMU (pressure suit) donning and checkout 

requires 1.5 hours. (R-l) 

. Based on Shuttle EVA suit system and 
available documentation. 

. See Section 4.8.4. 


REFERENCES 

IMPLICATIONS 


NASA 1980 (a): 
JSC-07700, Vol . XIV, 
Para. 9.1, 9.1.6 

Affects construction 
time and crew size. 

Design of procedures, 
supplies are related 
to equipment avail- 
ability schedule. 


Personal Communication 
to NASA JSC Medical 
Operations 
(J. Walagora) 

(Safety consideration) 

. Requires two persons 
for all EVA. 

. May reduce effective 
EVA time by suit 
donning and egress 
time for backup 
crew, especially 
last EVA in a 
series . 


NASA 1976: 
JSC-10615 

Impacts EVA con- 
struction useful 
work time. 








Table 4.8-3. Checklist: EVA Operations Constraints for Space Construction 
(Continued) 


( ) CONSTRAINTS /• QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) Preparation for EVA requires 3 hours pre- 
breathing of 100Z oxygen. (R-l) 

. One of these three hours should be 
preparation devoted to suit donning 
to minimize preparation tine* 

. Some IVA crew duties may be performed 
while wearing Oj breathing equipment. 

. See Section 4.8.4. 

( ) EMU doffing requires 1*5 hours. (R-l) 

. Includes battery changeout. 

. See Section 4.8.4. 

( ) EMU battery recharge requires 16 hours. (R-l) 

NASA 1976: 

JSC-10615 

Impacts EVA con- 
struction useful 
work time. 

. Affects Oj supplies 
volume and launch 
weight . 

NASA 1976: 

JSC-10615 

Affects crew work- 
rest cycle planning 

NASA 1976: 

Affects number of 
batteries and EVA 
timelines. 

/ 
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Table 4.8-4. Checklist: EVA Operations Guidelines for Space Construction 


( ) GUIDELINES/* QUALIFICATIONS 


REFERENCES 


J1WAII.UH 


( ) Consider EVA, or EVA in conjunction with 

manipulators, ter accomplishing a space 
construction task when: (R-3) 

. Precise feedback is required 

. The use of small force gradations is 
required. 

. Stereopsis is required. 

. Precise placement is required. 

. Several manipulator terminal devices would 
be required. 

. A wide field of view is required, or a 
variety of viewpoints will aid rapid assess* 
ment of situations. 

. Access is restricted. 

. No major hazards are present. 

. Work area is outside manipulator envelope 
of reach or handling capability. 

. Primary means malfunction. 

. On-site supervision, investigation and 
judgement is required or highly desirable 
for rapid response and fixes. 

( ) Consider use of EVA to avoid cost of 

developing specialized, remotely controlled 
machinery or automatic machinery for non- 
repet it ive tasks, requiring dexterity or 
judgment. (R-4) 


Vought Missiles & 
Space Co. 1972 
P. 25 


Selection of sensors, 
manipulators and 
visual devices for 
space construction. 

Crew size and 
schedules. 

Complexity of manipu- 
lators, weight, volume 
complexity of visual 
support equipment. 

Safety provisions. 

Potential new equip- 
ment to extend reach 
of manipulators. 

Construction equip- 
ment redundancy, 
weight and cost. 


(Summary conclusion 
from several sources) 







Table 4.6*4. Checklist: EVA Operations Guidelines for Space Construction 
(Continued) 


( ) 


( ) 


GUIDELINES/* QUALIFICATIONS 


REFERENCES 




Schedule serial EVA's in close sequence 
whenever possible to minimize repressuriza- 
tion cycles of the airlock. (R-3) 


Roebuck, et.al. 


1980 


. Minimizes launch weight 
. Minimizes impact on IVA crew work time. 
. Minimizes turnaround time. 


. Helps keep costs lower. 

( ) Provide adequate scheduled rest periods for 

EVA work periods. Approximately 10 minutes 
per hour is reconmended for active work 
periods. * (R-4) 


Roebuck, et.al. 1980 
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4. 8. 1*1 Airlock 


The airlock provides tba means of transfer from tha shirtsleeve environ- 
ment of the cabin to the vacuum environment of space and contains the pressuri- 
zation and depressurization systems necessary to effect such a transition. The 
airlock can be installed in three different orbiter locations, depending upon 
the payload carried. The baselined airlock location is inside the cabin mid- 
deck compartment, attached to the forward side of the Xo 576 bulkhead, (Figure 

4.8- 1). This position allows maximum use of cargo bay volume. However, the 
airlock may also be rotated 180° and mounted in the cargo bay, attached to 
the aft side of the Xo 576 bulkhead (Figure 4.8-2). Also, the airlock may be 
positioned in the cargo bay on top of the tunnel adapter for a habitable pay- 
load mission (Figure 4.8-3). The airlock has two D-shaped hatches and provides 
stowage volume for two sets of crew EVA equipment when not in use. 

These airlock arrangements and possible EVA routes are illustrated in 
Figure 4.8-4. It should be noted that the optional EVA route, ehown on Figure 

4.8- 4 is viable only if a hatch cover is installed at the Xo 576 bulkhead. 

4. 8. 1.2 Tunnel Adapter 

The tunnel adapter is provided as a mission kit for missions which contain 
a habitable payload and do not have a docking requirement. The tunnel adapter 
is attached to the Xo 576 bulkhead and located in the cargo bay. It is a pay- 
load chargeable weight item and is used in conjunction with the airlock (Figure 

4.8- 3) to provide shirtsloeve access between the orbiter cabin and the hibita- 
ble payload concurrent with an EVA operation. Any weight in excess of that 

of an airlock mounted inside the cabin will be allotted to payload(s). The 
interface between the tunnel adapter and the habitable payload is to be pro- 
vided as part of the transfer tunnel mission kit and will be bolted directly 
to the tunnel adapter. Transferable package size limits for suited and un- 
suited operations through the tunnel adapter are the same as those for the 
airlock. 

4. 8. 1.3 Docking Module 

The orbiter may be docked to another orbital element by utilizing an 
extendable docking module (Figure 4.8-5) with an active docking system. The 
docking module is installed in the cargo bay, attached to the Xo 576 bulkhead 
and supported from the longeron and keel by payload attachment fittings. The 
docking module will also serve as an airlock when installed. The nominal pro- 
trusion into the cargo bay is to Xo 660. The' maximum retracted height of the 
docking module ring plane is Zo 457, which allows EVA through the upper docking 
module hatch with the cargo bay doors closed'. The docking ring plana will be 
no lower than Zo 515 when extended. This allows -docking to occur 15 inches 
(380 a a) above the mold line. Transferable package size limits for suited and 
unsuited operations are the same as those for the airlock. 

4. 8. 1.4 Hatches for Airlock, Tunnel Adapter, and Docking Module 

All hatches and hatch components connected to the manufacturing access 
panel at Xo 576 will be on a Zo 357.9 centerline. All hatches will conform 
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note: dimensions in inches 


* THESE DIMENSIONS DELATE TO PASSAGEWAY Sill 
tigure 4 . d- 2. Cargo Bay Airlock 
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Figure 4.8-3A. Cargo Jay Airlock/Tunnel Adapter 
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Figure 4.8-5. Docking Module 
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Co Figure 4.3-6 which standardizes hatch opening size, except for the cabin 
side hatch. All hatch covers, except for the side hatch, will open toward 
the primary pressure source, the orbiter cabin. They will have six equally 
spaced latches, a gear box and actuator, and two pressure equalization valves 
and hatch opening handles, one set on each side. There will be two pressure 
seals on the hatch-side of the structural interface, one on the hatch cover 
and one on the structural interface. In addition, there will be pressure 
relief valves and differential pressure gauges provided for each hatch cover. 

The guage details and locations are TBD. 

4 .3. 1.5 Handrails, Tethers and Foot Supports 

Handrails and handholds are provided to facilitate zero-g crew movement 
within Che orbiter flight and mid -decks, in and on the airlock, and around the 
periphery of the cargo bay (Figure 4.8-7A). Handrails and handhcMs throughout 
the orbiter will have the same standard dimensions for intravehicular and extra- 
vehicular use. The cross section outside dimensions of the handrails and hand- 
holds are limited to the following minor and major axis range measurements, 
respectively: .72 to .78 x 1.29 to 1.41 inches (18.29 to 19.81 x 32.76 to 

35.31 mm). See JSC-10615 (NASA 1976(a)) for details. 

The EVA crew is also provided with safety tethers and associated slidewires 
on each side of the payload bay. Figure 4.3-7B and 7C illustrate the current 
concept for stowage and location of these devices on operational vehicles. 

Note that the starboard slidewire location cannot be used with an optional 
RMS and could interfere with use of a payload installation and deployment aid 
(PIDA, Section 4.6), requiring a special new development configuration. Also, 
the slidewire configuration shown cannot be used on the port side in the pre- 
sence of an RMS. 

The safety tether is partially stowed on a reel assembly located on the 
Xo 576 bulkhead per Figure 4.8-7B. In the stowed condition, a portion of the 
tether is extended and temporarily clipped parallel to the handrails of the 
Xo 576 bulkhead, and from thence route to a fixed attachment at the slide on 
the forward end of the slidowire. In usage, the EVA astronaut unstows the 
reel from the stowage box, clips the reel to his suit and permits the tether 
to be taken up on the reel as he egresses the airlock and travels out toward 
the cargo bay side handrails. Thus, one end of the safety tether is always 
attached to the slide on the slidewire, no matter where the EVA crew member 
is working in the cargo bay. Special new provisions may be required for EVA 
to construction fixtures and large space structures. 

Note: The current baseline also requires that crew members using the 

MMU will be tethered to the orbiter. Details of these tether arrangements 
are TBD. 

There are no fixed foot supports provided in the cargo bay, except those 
incorporated in the flight support station for the MMU (see Section 4.S.2.3). 

A similar set may be provided with the open cherry picker, if installed ^see 
Section 4. 8. 2. 4). A portable foot support system is provided to aid access 
to cargo bay door latches at the forward and aft cargo bay bulkheads, as 
described in Section 4. 8 .2. 2. 
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Figure 4.8-6. D-Shaped Hatch Basic Configuration 




4. 8. 1.6 Extravehicular Mobility Unit 


The extravehicular mobility unit (EMU) consists of a self-contained (no umbili- 
cals) life support system and an anthropomorphic pressure garment with thermal 
and micrometeoroid protection, shown in Figure 4.8-8. It provides a breathing 
environment at a differential pressure of 4 pounds per square inch (206.8 mm 
Hg) and incorporates provisions for internal liquid cooling, communications 
equipment, special EVA helmet visor protection, crew comfort devices and exter- 
nal restraint and tethering fittings. 

The unit and associated life-supporting consumables provide for a 
6-hour nominal EVA with a subsequent recharge capability for additional EVAs . 






Figure 4.8-8. Space Shuttle Extravehicular Maneuvering Unit (EMU) 



4. 8. 1.7 Communications for EVA 

The orbiter provides ultrahigh frequency duplex communications from the 
flight deck crew members to the EVA crew members and between the latter. 
S-band and Ku-band channels will be used for communications between all 
orbiter crew members and the appropriate ground control centers for payload 
data transmission to ground. Both voice and data can be relayed to ground 
by the Tracking and Data Relay Satellite System (Figure 4.8-9). 

4.8.2 EVA Aids 

The following EVA support equipment, may as an option, be available for 
each operational Shuttle mission. 
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Figure 4.8-9. Shuttle EVA Communications 
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4. 8. 2.1 RMS Assistance for EVA 

In addition to its capabilities for payload deployment and retrieval 
operations prior to or subsequent to an EVA, the RMS, within its reach envelope, 
may perform one or more of the following functions to assist the EVA crew- 
members: 


1. It can effect multiple transfer or equipment between the EVA 
work area and the replacement equipment stowage area. 

2. It can be used to transfer an EVA crewmember to remote areas 
on the payload or orbiter by use of a handrail on the end 
effector or the Open Cherry Picker (see Section 4. 8. 2. 4). 

3. The attached lights can be used to supply additional lighting 
at the work area, and the attached closed circuit TV camera 
can aid in payload inspection tasks and in tasks involving 
coordination with the other orbiter crewmembers and with the 
ground . 

The RMS generally can transport modules of large mass faster than can 
be safely accomplished by EVA methods. Figure 4.8-10 illustrates some tenta- 
tive results from a comparison of available data for EVA methods and use of 
the RMS for masses in the range from a few hundred pounds to 32,000 pounds 
(14,315 kg). Therefore, these data suggest that humans should be utilized 
for low-mass transport and dextrous operations, and should rely upon the RMS 
to do large mass transport. 

4. 8. 2. 2 Tools, Restraints, Ancillary Equipment 

To perform equipment maintenance, repair and replacement, the EVA crew- 
member requires certain tools, tethers, restraints and portable workstations. 

GFE EVA workstations and equipment are available for use by the payloads. 
When justified, modifications to the NASA workstation hardware can be requested 
or unique hardware can be provided if it has been designed to appropriate 
NASA specifications. 

An EVA tool kit will be available for use in supporting orbiter and pay- 
load EVA operations. These tools will be kept in the NASA ground inventory 
and flown as required for each payload. Any payload-unique tools required 
will be furnished by the payload user. A primary design goal, however, will 
be to design the payload components to be cost effective by allowing standard, 
NASA-supplied hand tools to be used for their servicing. 
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TIP ALLOWABLE VELOCITY (FT P0I SEC) 



Figure 4.8-10. Human EVA Transport Velocity and RMS Transport 
Velocity Versus Mass Transported 


The current set of EVA tools are pictured in Figure 4.8-11. Their posi- 
tion in relation to a tool caddy for stowage and transport by the crew is shown 
in Figure 4.8-12. Several of these tools are specifically designed to assist 
in closing the cargo bay doors and are used in the vicinity of the latches 
on the forward and aft bulkheads of the cargo bay. Space allocations for use 
of these cools must be considered as a constraint in designing cargo bay 
stowage. A particular example of importance is the 3-point latch tool which 
is used near the longeron and the Xo 576 bulkhead. Specific clearance require- 
ments for this tool usage are TED. 


The portable workstation will be the crewmember's restraining platform 
while he is performing EVA tasks and will provide stowage for his tools, tethers, 
portable light and other ancillary equipment. The workstation will be universal 
in design and may attach directly to the payload, to the orbiter structure or 
even to the RMS in supporting various EVA tasks. 
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Figure 4.8-12. EVA Tool Caddy Assemblies 









All EVA support hardware provided by the payload or user, shall be com- 
patibla with EVA operations and approved by NASA. The orbiter will provide 
EVA translation aids or handrails to support baselined orbiter contingency 
operations and for general inspection/remedial repair. In addition to the 
above-described general purpose concept for a portable workstation, NASA will 
provide a special portable foot restraint device to assist in contingency 
EVA involving cargo bay door latches. The current concept for this device 
and its planned usage at the forward bulkhead is shown in Figure 4.8-13. 

Note that space requirements for using this device may conflict with use of 
a docking module of the configuration shown in Figure 4.8-3. Special-development 
hardware would be required to provide for both functions. Other general purpose 
trsnslction aids will be provided in the GFE baseline support: equipment inven- 
tory. These aids will provide a means to translate and obtain Eva accessa- 
bility to various other areas on the orbiter, to payloads installed within 
the cargo bay, and will, to a limited extent, depending on the payload config- 
uration, provide access to work sites on deployed payloads. IVA crew members 
restraints and limited supplementary lighting will also be provided as part 
of the GFE baseline. Where unique translation aids, restraint provisions or 
supplemental external- or internal payload lighting are required, they must 
be provided by payloads and satisfy NASA design and operational requirements. 

The handrail on the RMS end effector may also be used to support payload EVA 
operations . 

Provisions will also be available in the cargo bay to plug in a TV camera 
for EVA coverage. 

The payload designer is encouraged to purchase and use standard, NASA- 
specified "universal" or "oultimission" EVA support hardware where possible 
in order to minimise flight-specific EVA training, operational requirements 
and cost. 


4. 8. 2. 3 Manned Maneuvering Unit (MMU) and Flight Support Station (FSS) 

The Manned Maneuvering Unit is a propulsive backpack device which gives 
the EVA crewmember Che capability to reach areas outside the cargo bay, parti- 
cularly those not accessible by RMS or other means. It also enhances rate of 
transport for EVA operations which involve relatively long distances. Figure 
4.8-14 illustrates the basic MMU in a stowed configuration before crew donning. 
Figure 4.8-14 illlstrates the nominal servicing position of the EVA 
crewmenber. Figure 4*8-15 illustrates the donning and egress config- 
urations. 

Table 4.8-3 provides operational capabilities and constraints involving 
use of MMUs. 

4. 8. 2. 4 Manned Remote Work Station 

At the time of preparation for this document, NASA was considering develop- 
ment of a group of devices with potentially great significance to space operations 
involving large space structures. The general concept of this group of devices 
was titled "Manned Remote Work Station". The primary article planned was an 
open cherry picker (OCP) platform designed by Grumman Aerospace Corporation 
to attach to the standard end effector of the orbiter. 
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Figure 4.8-14 MMH Stowed in FSS, and Showing Servicing Position of Crew 






Table 4.8*5. Checklist: MMU Operations Constraints and Capabilities 




( ) CONSTRAINTS /‘QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


( ) The MMU may be donned, doffed and serviced 

by one EVA crewmember for use as required 
during the nominal 6-hour EVA period. (R-l) 


( ) The MMU has six degrees of freedom control 

authority and attitude hold capability. (R-l) 


( ) The MMU may be used to effect crew transfer 

in the event of a rescue operation. (R-l) 


For payloads which are retrieved and berthed 
on-orbit or for payloads launched and 
operated on pallets, the Manned Maneuvering 
Unit provides planned or unscheduled EVA 
access to instruments on the ends of long 
booms or appendages extending outside the 
cargo bay, especially those beyond reach 
of the BMS. (R-l) 

The unit allows retrieval of small, free 
flying payloads , including those which may 
be sensitive to orbiter thruster perturba- 
tions and contamination. The dry, cold 
nitrogen propellant used by the MMU • 
causes no adverse contamination. (R-l) 

When the MMU and its flight support station 

are installed in the orbiter to support 
payloads, the weight and volume for these 
items will be allocated to appropriate 
payloads. (R-l) 

. See Figure 4.8-16 for access volume 

requirements (preliminary, may be varied 
to meet specific payload requirements). 


NASA 1980 (a): 


Affects EVA crew work 
planning. 

NASA 1980 (a): 


Permits significant 
versitility for space 
operations. 

NASA 1980 (a): 


Implies need for 
access during rescue 
contingencies . 

NASA 1980 (a): 


Significant advan- 
tage for large 
structures. 


NASA 19*0 (a): 


) The MMU is battery powered. 

Battery recharge requires 16 hrs. 
Battery replacement requires 5 min. 


(R-l) 


NASA 1980 (a): 


Affects weight allo- 
cation and space for 
large space con- 
struction payloads. 


Lenda 1979 

Affects timeline 
analysis. 
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Table 4.8-5 Checklist: MMU Operations Constraints and Capabilities 

(Continued) 


( ) CONSTRAINTS / * QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) The Manned Maneuvering Unit provides two 

NASA 1980 (a): 

electrical outlets (2 amps at 28 vdc each) 

' 

for use of ancillary equipment such as 

Affects assembly, 

electric drills and other power tools. 

inspection and repair 

portable lights, cameras, and instrument 

operations capability. 

sensors. (R-l) 


( ) The MMU can be used to carry cargo of a 

NASA 1980 (a): 

moderate size and weighing less than 220 


lbs. (100 kilograms) such as might be 

Significant caps- 

required to service a nearby free-flyer. 

bility for construction. 

(R-l) 


( ) A cargo/worksite attachment device is 

Lends 1979 

intended to perform two functions: (R-l) 



Affects planning for 

. Transport of large pieces of cargo. 

EVA attach to struc- 


ture. 

. Temporary attachment of crew member to 


worksite for specific tasks. 


• See Figure 4.8-17 for cargo/worksite 


attachment device concept. 


( ) The cargo worksite attachment device permits 

Lenda 1979 

limited application of forces and torques 


because of a slip clutch incorporated into 

Affects design of 

the attachment mechanism. 

attach points on 


structure. 

• Force limits: 25 lbs. 


. Torque limits: 40 ft-lbs 


( ) Crewmembers typically will translate at 

Lenda 1979 

velocities of approximately 1Z (in feet 


per second) of the initial separation 

Affects timeline 

distance to the destination (in feet). (R-4) 

analysis of crew 


operations using MMU. 

. Example: 1 fps for 100 ft separation. 


Crew accelerates to above velocity. 


coasts, then decelerates. Since 


acceleration time is small, time for 


translation tends to be nearly 


constant at a little more than 100 


seconds per 100 ft flight (103-112 


seconds range). 
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Figure 4.8-17. MMU Cargo /Worksite Attachment Device 


5 


Figure 4.8-18 illustrates the general configuration £nr the development 
teat article of the OOP. The EVA crewmember using the OCP would be restrained 
at the feet in a standard type of foot restraint which may rotate around the 
body vertical axis. This crewmember would have control of RMS arm motions 
from the display and control panel on the OCP, and would have control of a 
stabilisation arm (either remotely or by manual adjustment), which acts like 
a special end effector of the RMS. Additional provisions include a tool bin 
and lights (illustrated later in Section 4.9.1). 

If developed and utilized for construction and operations involving large 
space structures, this device could have significant advantages and impacts on 
design. Such impacts include space for stowage in the orbiter cargo bay, 

EVA access, RMS access, software provisions, electrical interfaces, lighting 
provisions, power usage, RMS reach, timelines for preparation, stowage checkout 
and operations. However, the preliminary status of the development of the 
OCP at the time of this writing did not appear to warrant extensive discussion 
of potential details of such impacts on design of large space structures. For 
further information, the reader is referred to articles, study reports and 
briefings by Grumman personnel (Nathan 1978, Grumman 1978, Grumman 1979). 

4.8.3 EVA Personnel 

C ommand er - The orbiter coonander will be in comsand of the overall 
space vehicle operations and responsible for the overall orbiter oper- 
ations, personnel, vehicle safety and will monitor and support EVA as 
required. 

Pilot — The orbiter pilot will be second in coosa and end equivalent 
to the coonander in proficiency. The pilot will be the second crew- 
member for EVA as required. 

Mission Specialist - The orbiter mission specialist will be proficient 
in payload and experiment operations with knowledge of orbiter and payload 
systems. The mission specialist is the prime crewmember for EVA operations. 

Payload Specialist^ ) - Payload epecialist(s) will be proficient in the 
payload and experiment operations, be responsible for the attainment of their 
objectives and will monitor and support EVA as required. 

Construction of large structures in space may be enhanced bv utilizina 
all crewmembers in EVA m odes . with multi-shift daily operations Such operations 

require EVA training for all crew members. 


4.8.4 EVA- Timelines 


The EVA period of the mission (Table 4.8-6) is generally considered as 
comprised of three phases, EVA preparation, EVA operations, and post-EVA 
activities. 

The XVA preparation performad by the EVA crew consists primarily of 
preparing the EVA equipment and donning the EMU. 
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Table 4.8-6. EVA Timeline 


START 

PREBREATHE 


2.0 

3.0 HRS. 
HRS. 


PERFORM 

OTHER 

TASKS 


DON prebreathe MASKS/START 
continue mission tasks while 
prebreathing 


FINISH PREBREATHE 


EVA PREP 
1.3 HRS 


UNSTOW/PREPARE EQUIP FOR EVA 
ENTER AIRLOCK 

UNSTOW/PREP EMU FOR DONNING 
DON EMU 

REMOVE PREBREATHE MASKS 
DON HELMETS/VISORS 
DON GLOVES 

PERFORM 0 SUIT PURGE 


2 

INITIATE EMU SYSTEMS/CHECKOUT 

PERFORM COMM CHECK 

PERFORM EMU INTEGRITY CHECK 

DEPRESS AIRLOCK 

OPEN HATCH. START SUBLIMATOR 


EVA OPERATIONS 
6.0 HRS 


POST EVA 
1.5 HRS. 


EGRESS AIRLOCK 
DON/ CHECKOUT MMU (IF REQD) 
PERFORM EVA OPERATIONS 
DOFF MMU/RECHARGE (IF REQD) 
DEACTIVATE SUBLIMATOR 
INGRESS AIRLOCK 


CLOSE HATCH 
REPRESS AIRLOCK 
REMOVE HELMET/GLOVES 
DOFF EMU 
RECHARGE EMU 
STOW EQUIPMENT 
INITIATE EMU DRYING 
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The EVA operation* are the actual performance of the required tasks out- 
aide Che pressurized orbiter cabin. 

The post-EVA activities include equipment doffing and stowage as well as 
life support system recharge for subsequent EVAs. 

Since the normal Shuttle EVA crew consists of the mission specialist and 
pilot, the payload specialist will not normally be involved in EVA preparation 
and post activities and can perform payload /experiment operations or support 
EVA related activities, if required, during these periods. However, special 
situations such as involved in space construction may dictate ocher duty assign- 
ments (see Section 4.8.3). 


4. 8. 4.1 EVA Preparation 

Approximately 1 to 2 hours will be required by 1 or 2 EVA crewmembers to 
complete the preparation activities for an EVA. The activities are preceded 
by the start of the required three hours of prebreathing, which occurs 3 hours 
30 minutes prior to the scheduled start of an EVA. For nearly 2 hours of the 
3-hour prebreathe, the EVA crewmembers may' perform required EVA or non-EVA 
related activities. 

The EVA crewmember begin the EVA preparation period by unstowing assoc- 
iated EVA equipment. Special EVA equipment, such as cameras, will then be 
prepared and checked for the EVA and placed in the airlock. The EMU will be 
unstowed and the crewmembers will don the suits and life support equipment. 
Ancillary suit equipment, such as the waste management system and the liquid 
cooling garment, are donned prior to donning the suit. 

Approximately 30 minutes prior to the start of the EVA or at the comple- 
tion of the 3 hour prebreath* period, the crewmembers will doff the prebreathe 
masks and don the helmet and gloves. Following a suit 0 2 purge, the crewmen 
perform a check of the life support equipment and orbiter/EVA communication 
systems. Backup communication modes are also checked. The crewmen perform 
an integrity check of the EMU and begin depressurization of the airlock. 

After depress, the outer airlock hatch is opened for the start of the EVA. 


4. 8. 4. 2 EVA Operations 

The EVA tasks are performed outside the orbiter cabin for a maximum dura- 
tion of 6 hours which is the normal limit of the life support system consumables. 
EVA task timelines should provide for frequent rest periods when extensive 
physical activity is involved (typically 10 minutes per hour). 

Post -EVA - When EVA operations are completed, the crewmen ingress into 
the airlock, close the outer hatch, and repressurize the airlock. Helmets 
and gloves are doffed along with the EMU. The crewmen then perform a recharge 
of the life support system. Consumables art replenished and the life support 
equipment is prepared for the next EVA. Loose equipment and donning aids are 
stowed and suit drying initiated, if required. 
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4.9 ILLUMINATION AND TELEVISION SUPPORT SERVICES 


This section discusses Shuttle capabilities/constraints and guidelines 
dealing with all aspects of crev viewing, including use of windows, TV cameras, 
orbi ter and other Shuttle system lamps, lighting power supplied by orbiter, and 
orbiter surface finishes and configurations. 

4.9.1 Discussion - General Issues in Illumination and TV Services for 
Space Construction 


Space construction, maintenance and systems module changeout considera- 
tions for large space structures are strongly dominated by transport, joining, 
aligning and inspection functions, which require means to accurately sense 
orientations and alignments, positions (especially critical clearances), 
relative velocity and condition of deployment. Experience has shown that the 
use of direct or aided human vision (telescopes, TV, etc.) to perform a 
majority of these critical sensing operations is generally cost effective 
and highly reliable when adequate illumination is provided. However, pre- 
liminary studies have identified several potentially significant problems 
associated with assuring adequate illumination in space, whether the light 
is artificially provided or naturally received. In particular, low-earth 
orbits (LEO) involve consideration of frequent changes from a very dark 
environment to a brightly sunlit environment (but with deep shadows in many 
cases), which in turn create a concern about work interruption due to necessi- 
ties of adaptation by both man and machine (TV camera). Figure 4.9-1 provides 
pertinent data on the wide range of illumination fluxes and brightness condi- 
tions in LEO. 

Construction/maintenance using the Space Shuttle Orbiter typically 
involves a low earth orbit situation with stark contrasts of deep shadow and 
bright sunlight in space which require special lighting provisions for vision 
to be adequate. However, there are differences between the various candidate 
provisions which affect the required intensity for lighting, the location of 
the lamps and the resulting power, weight, volume and cost of the lighting 
and vision aspects. Design of construction and servicing equipment lighting 
for space structures is strongly affected by the orbiter constraints on 
available power, type of equipment, and standard locations for lamps and TV 
cameras. Also, the orbiter configuration and surface finishes influence the 
visual background and reflections of available light. 

Table 4.9-1 outlines several important considerations of the subject. 

With this context in mind, the following discussion (Sections 4.9.2, 4.9.3, 
and 4.9.4) describe specific constraints and guidelines of the Shuttle Orbiter 
equipment which is involved in lighting and viewing. This material is followed 
by Sections 4.9.5 and 4.9.6, which present more general discussions about 
potential interactions with orbiting large space structures. Section 4.9.5 
considers the dark (eclipse) side of low earth orbit, in which artificial 
lighting considerations dominate. Section 4.9.6 discusses the sunlit side of 
orbit, primarily involving direct solar illumination and multiple reflections* 
The discussions include results from selected example analyses which support 
general guidelines and recommendations for space construction. 
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Characteristics Affecting Space Construction 

o Wide Range of Brightness - Stars to 
Pull Sun: 10 10 ;l 

o Lighting Conditions Continually Changing 
Angle and from Light to Dark. 

o Eye Does Not Fully Dark Adapt During Eclipse 
Phase of LEO 

o Shadows Generally Darker Than in Earth Atmos- 
phere, Structure Outlines Hay Be Obscured 

o Orbiter is Helpful ss a Diffuse Light Reflector 

o Bright Clouds Reflection and Direct Sun Are 
Similar in Illumination Intensity But Clouda 
More Diffuse 

o Solar Orientation is Critical - Avoid Looking 
at it or Avoid Cargo Bays Being Oriented 
Toward Sun or Both 


Figure 4.9-1. Natural Illumination Environment-LEO 
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Tabic 4.9-1* Summary of Viewing and Illumination Cor.aid* rat ion* 


for Space Construction 


Cons Ida rat ione 

Applicable. 

faction 

o Relatively rapid • cycling froa bright sunlight to darkness at 

4.9.6 

low-earth orbit. 


e fewer and lamp cycling qua scions (life, surge , thermal) 

4.9.2 

• Dark adaptation considerations of crew eye protection 

4.9.5 

e TV range of sensitivity (brightness ratios) 

4.9.5 

o „ Power requirements for darkaide illumination 

4.9.5 

• o Overall lighting versus local lighting 


o Reflective, light colored surfaces 

4.9.2 

o Portable versus fixed lamps 


o Continuous lighting versus cycled lighting 


o Optimum viewing eagles for eunllt side viewing 

4.9.4 

o Glare avoidance • direct, veiling, contrast 


o Backlighting problems of earth and sun 


o Dlffuelvity of surfaces versus glare 


o Vision requirements versus thermal requirements 


o Orientation of spacecraft and crew for self-protection 


ifrom disturbing light input 


o Possible use of shades and diffusers 


o Vision angles required by configuration 

4.9.4 

o View froa crew compartment windows 


o TV camera viewing angles and positions 

4.9.3 

o KVA, viewing positions and eagles 

4.9.6 

e Work interruptions versus productivity 

4.9.5 

e Dark versus day 

4.9.5 

o Viewing cutoff by glare, intensity of light* angle. 

4.9.6 

shadows 


e Interaction with thermal consideration 

4.9.6, 4.13 

o Interaction with communications considerations 

4.11 

o Interaction with stability/control considerations 

4.2 

o Interaction with orbital plane requirements, launch time. 

4.9.6 

season and relative rata of change of fi angle 


o lardwara eelaetien and power requirements 

4.9.2 

• Incandescent leaps 


o Ms tel Halide 


o Beam versus flood 


o Reflectors 

* 

o finishes 


o Portable versus fix^d 


e Solar power versus batteries 


o Orbltar fuel cells versus outs id a sources 


e Assembly sequence versus power requirements 

4.4.3 

• Setup power nodula/eolar array before construction 


• Setup solar array at end ef construction 


• Schedule operations requiring significant 1 nomination 


to be performed on sunlit aide ef orbit. 
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4*9.2 Shut tit Lighting Systems and Surface Reflective Characteristics 

Standard Shuttle provisions for lighting include the several types 
listed in Table 4*9-2. Locations for the exterior lights (in the orbiter 
cargo bay and above the cabin) are shown in Figure 4*9-2. Other potential 
exterior sources of light are the open cherry picL'.r and MMU . 

In addition to light sources* visibility of portions of large space 
structures in the vicinity of the orbiter stay be significantly affected by 
the reflective qualities of the orbiter surfaces. Such surfaces can act as 
backgrounds for viewing by TV cameras or by EVA crew or crew in the cabin. 
Also, these surfaces can reflect earth light, sunlight, starlight or moon 
light. According to their contours and reflective characteristics, they may 
beneficially diffuse the light or concentrate it in undesirable ways. Such 
concerns are of particular interest to designers of large space structures 
because of the typical geometry involved. The structure is typically located 
in proximity to the orbiter cargo bay, close enough for reach access by the 
RMS. 


Table 4.9-3 lists typical reflective characteristics of orbiter surfaces 
and selective typical payload surfaces which are likely to be of concern. 
Further implications of combined effects of reflection are discussed in 
Section 4.9.6* 

4.9*3 Closed Circuit Television (CCTV? System 

The Space Shuttle Orbiter has provisions for installation of black and 
white closed circuit television cameras in the cargo bay and on the remote 
manipulator system arm. Locations are shown in Figures 4.9-4 and 4.9-5 
(also see Section 3.1.2). It is expected that these systems will be fully 
utilized in most missions involving large space structures. In many cases, 
additional TV cameras (and lights) will be installed on construction fixtures 
and assembly machinery for improving visibility of critical large s^ace opera- 
tions. 


There are provisions for two (a) black and white TV receivers, (viewing 
screens) within the crew cabin, on the port side of the aft flight deck (see 
Figure 4.8-10). Additional viewers may be incorporated into the payload- 
dedicated display and control panels if the space is available and the cooling 
capacity adequate. The latter may be black and white or color systems. Table 
4.9-4 summarizes constraints for CCTV systems. 

4.9*4 Window Viewing Angles and Transmit tancee 

The following discussion concerns the general constraints on crew view- 
ing through transparencies in the orbiter crew cabin and in the EVA suit 
helmet. 


Figure 4.9-6 describes the nominal constraints on viewing angles for 
orbiter crew cabin windows, at specified eye positions. These angles are for 
a so-called "cyciopa" single point eye. Actual crew viewing will be differ- 
ent, (usually better) beeauae of the lateral spacing of eyes and the 
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Table 4.9-2. Orbiter-Provided Lighting for Space Construction 





DESCR1 

PTIOH 



1‘em 

Qty 

Watts 

(Each) 

Lumens/ 

Watts 

Type 

Beam 

References/ 

Remarks 

Cargo Bay Floodlights 
in Side Walls (R-i) 

• See Figure 4.9-2 

6 

200 

40 

minimum 

ARC Discharge 
(Metal 

halide) 

135* cone 
or square 

NASA 1980 (a): ICD 
2-19001 /Standard 
items; may require 
shrouds to avoid direct 
view by T.V. cameras 

Docking Floodlight on 
576 bulkhead, 
facing aft (R-l) 

1 

200 

40 

minimum 

Arc Discharge 
(Metal 

halide) 

120* cone 

(See Above) 

• See Figure 4.9-2 







Rendezvous /Docking 
Light, facing upward 
(R-l ) 

1 

130 

12 

minimum 

• Incand . 

120* cone 

NASA 1980 (a) 

• See Figure 4.9-2 







RMS Wriat Light (R-J ) 
• See Section 4.5 

1 

(Per 

Arm) 

150 

12 

minimum 

incand . 

80* 

NASA 1980 (a) 

EMU Mounted/ 

Portable Light e (R-2) 
(R-2) 

1 

(TBD ) 


(TBD) 

Battery 

(TBD) 

In development 

Manned Reroute 

Work Station Floodlights 

( R-3) 

See Figure 4.8-19 

3 

60 

(TBD) 

(TBD 

Incand . 

• 

Crunnan, 1979 v 
In development 
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NOTES: 

© SIX LIGHTS MOUNTED OUTSIDE CARGO ELEMENT DYNAMIC ENVELOPE. (120° 

MINIMUM CONICAL BEAM POINTED WITHIN APPROX 5° OF NORMAL TO CARGO 

© BAY CTNTEPL INE) 

FORWARD BULKHEAD FLOODLIGHT - 120° CONICAL BEAM POINTED IN *X 
DIRECTION PENETRATES 0.14x5.70 DIA INTO THE CARGO ELEMENT DYNAMIC 
LMVfLOPL) 

3. LIGHTING CHARACTERISTICS ARE SPECIFIED IN PARAGRAPH 10.9.1, NASA 1980(A), ICD 2-19001 
4. FIGURE NOT TO SCALE 
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Figure* 4.9-2A. Orbiter Baseline External Light ing Locations 
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Figure 4.9-2B. Orbiter Baseline External Lighting 
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Figure 4.9-3. Lights on Onen Cherry Picker Development Test Article 
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Table 4.9-3. Typical Reflection Characteristics for 
Orblter Spacecraft and Construction Equipment 


REFLECTIVE SURFACE 

REFLECTIVITY 

CARGO BAY LINER, TEFLON- 1 HPREGNATED GLASS FABRIC 

85-903; (LOW SPECULARITY) 

ORBITER WINGS (UPPER SURFACE) AND BODY 

683; (LOW SPECULARITY) 

ORB ITER RADIATORS 

90* 

(96-100* SPECULAR) 

PAYLOADS — PAINTED S 1 3G WHITE 

85* 

SILVER COATED TEFLON 

95* 

STRUCTURAL MATERIAL' 

35-85* (LOW SPECULARITY 


DESIRABLE) 

SOLAR ARRAY (CELLS) 

2-l»0* 






*See Figures 3.1-12 & 3.1-13 for angles 

Figure 4.9-4. CCTV Camera Mounting Options 
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Table 4.9-4. Checklist: Constraints on TV Camera Operations and 

Locations in Orbiter Fayload Bay and Construction Fixtures 


( ) CONSTRAINTS / • QUALi F I CAT I ONS 


REFERENCES 


IMPLICATIONS 


) The orbiter can accommodate up to eight 
dedicated-cable TV cameras in the cargo 
bay and payload. (R-i) 

• Five dedicated cables for cargo bay 
installation. 

• Three dedicated cables for payload- 
mounted cameras* 


C ) Additional TV cameras may be utilized by 
installation of remote switching. (R-l) 

• Forward bulkhead penetrations dictate 
number of cables into crew cabin. 

• Noise and line losses are only practical 
limits to number of TV cameras. 

( ) All CCTV cameras will have zoom and iris 

control. The iris will automatically close 
when pointed at the sun, unless manually 
controlled to open. Normal condition for 
the iris at start of operation is also the 
closed position. (R-l) 

( ) The forward and aft bulkhead cameras have 

pan and tilt control with a range of 340°* 
(+170° from perpendicular to bulkhead), 
with pan and tilt angles displayed on the 
CCTV monitors. (R-l) 


) The TV cameras are capable of accommodating 
a range of lenses for special payload 
applications (R-l) 

. Lenses are removed /replaced prior to 
flight. 

) The field of view for the standard lenses 
varies from approximately 48° diagonal to 
approximately 8.5° diagonal, when focused 
at infinity. (R**l) 

. Range is 39.2° horizontal and 29.9° vertical 
to 6.8° horizontal and 5.6° vertical. 


Personal Communi- 
cation 


Affects selection of 
TV camera locations, 
costs and schedules. 


Personal 

Coutunication 


Affects design of 
electrical circuits 
for TV control, costs 
and schedules. 


NASA 1980 (a): 
JSC-07700, Vol. XIV 
(Change 31) 


Affect crew procedures 
planning. 

♦Personal 
Communication 
Orbiter Ensineerin 


Affects viewing 
analyses . 

NASA 1980 (a): 
JSC-07700, Vol. XIV 
(Change No. 31) 


Affect viewing 
analyses. 

-Personal 

Communication 


Affects viewing 
analysis, camera 
location. 









Table 4.9-4* Checklist: Constraints on TV Camera Operations and 

Locations in Orbiter Payload Bay and Construction Fixtures f 

H£p£H£^Q£g"~ 

( ) CONSTRAINTS /« QUALIFICATIONS ' IHPl T c A TI O NS 

( ) The TV camera is designed for visibility Personal 

with light levels of 3 foot-candles at Coonunication 

30 feet. 4 (R-l) 

Affects lighting 
design. 

( ) The starboard forward camera is nominally Personal 

dedicated to public relations purposes. Communication 

It is fitted with a color wheel for downlink 

color transmission to ground. (R-l) All orbiter crew 

monitors see black 

. The crew TV monitor will produce undesir- and white, 
able flickering in using the color mode. 

( ) In general, work should be arranged such Rockwell. 1979 (a): 

that TV cameras do not look directly at a SSD 79-0123 

bright light source such as the sun or a 
lamp in the cargo bay. (R-4) 

• Adjacent areas may be difficult to sec 
as the iris automatically closes down. 

• Temporary or fixed shields on lamps may 
be utilized in some cases. 

( ) The standard HMS payload connection elec- Personal 

trical cables will not accept CCTV signals. Communication - 
If it is desired to mount a TV camera on Orbiter Engineering 

a payload module to aid berthing to another 

module, a special cable would have to be Affects trades of RF 

attached to the RMS arm to provide a hard- versus hardline gig- 
line signal path from the payload module unis for payload 

to the crew cabin. (R-l) module mounted TV 
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capability of tha craw to mova thair ha ad a to achiava different vantage points* 
Data are not available concerning tha full extent of such improvements in 
viewing. 

Table 4.9-5 lists tha transmittance capabilities of various transparen- 
cies in tha orbitar and EVA suit. Note that orbitar windows are provided 
with removable filters which can be used to control sun glare* 

Table 4.9-5* Typical Transparency and Filter Combinations Transmissi- 
bilitias and Resulting Apparent Illuminances of Sunlit 
Surfaces 


Mo. 

Condition 

Transpertncy/Filter 

Overall 

Surface 



Transaissibility 

Effect- 

Illuminance 



Item 

X 

Transmit ability Lux 

Ft-Candle 

0 

Sun-Direct 

Spac< 

iooz 

1002 

1.46xI0 5 

13,500 

1 

Aft Flight Deck 
Aft Window View 







2 Class Psncs 

Outer Pane 


t 882 

1.28x10^ 

11,880 



Inner Pane 

! 

f 



2 

2 Class Panes 

Filter 

1821 

1 15. 8X 

2.3x10* 

2,133 


plua filter 

2 Glees Psnes 

88X1 

r 



3 

Aft Flight Deck 







Overhead View 

Outer Pane 

) 

1 81X 

1.18xl0 3 

10,935 


3 Glesa Penes 

Middle Pane 
Inner Pane 

S 

i 

1 

a 


4 

3 Glass Penes 

Filter 

18") 

14.62 

2.06xl0 4 

1,968 


plua filter 

3 Class Psnes 

8IXI 


f. 


5 

EVA Helmet 

Lexan Shell 

SOX) 

7 .482 

7.00xl0 4 

6,480 


Low Density Filter 

Lo-D Filter 

601/ 




6 

High Density Filter 

Hi-D Filter 

16*42 

5.8 to 

8.46x10^ 

to 783 to 


Low Density Filter 

Lo-D Filter 

482) 

9.62 

1.40x10 

1,296 


EVA Helmet 

Lexan Shall 

f 





4.9.5 Power Requirements for Artificial Illumination and TV on 
Parle Side of Orbit 

Previous studies of space construction have determined that the power 
requirements for lighting on the dark side of LEO may constitute a significant 
portion of the total energy requirement for space construction. For example, 
a study by Grumman (1977) indicated that lighting could require very large 
amounts of power, from 35 kW to 83 kW, depending on the size \r the project. 

In order to obtain such power, the large so?»r arrays and stowage batteries 
would have to be carried up, deployed, and connected to the construction fix- 
ture lighting system and other necessary lamps early in the construction 
sequence. Such solar arrays would need to be oriented so as to face the sun 
during the sunlit period. Large areas of low mass, such as solar arrays, can 
cause significant drag on the orbiting construction project at low earth orbit 
altitudes. This combination of effects is generally undesirable as regards 
fuel usage for stationkeeping and for pointing on orbit. Also, loads on weakly 
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supported structure during the construction processes can be a significant 
problem. Soma projects require designs where the solar array blankets cannot 
be deployed until the structure is at least partially built. In such a 
situation, the lighting power mutt be limited to that available from the 
orbiter or from other auxiliary power sources until some of the space con- 
struction project blankets are installed and connected to a service power 
system. As a result of such considerations , it is recossBended that lighting 
systems for space construction should be frugal in power demand. 

A question thus arises, "Is it feasible to significantly reduce power 
demands for illumination?" Examination of the basis for the Grumman study 
indicates chat it is, because the study was based on a relatively generous, 
general and continuous flood-lighting approach, such as one might use for 
factory or shipyard construction site illumination. In contrast, a study by 
Rockwell International (1979 b) took a more austere and limited approach. 

The concept involved the use of carefully controlled, localized lighting for 
fine, close work and the use of reflectors, small "running lights", and various 
portable lamp devices as methods to control and minimize lighting power. The 
study involved smaller construction projects (two versions of an electronic 
mail satellite) and a larger number of options in differing types of construc- 
tion facility and methods (manual versus- remote, automatic). Even these 
austere lighting concepts required power levels from 2.0 kW to 4.8 kU, which 
represents from 38 to 52 percent of the total system construction power 
requirements. Such levels of power, when combined with power from normal 
operations, RMS, etc., seriously tax the Shuttle Orbiter capability and' 
indicate a potential advantage in searching for even more efficient low- 
power lighting concepts. 

Concepts for truly minimal illumination power do exist. A rather extreme, 
but promising approach is to use electronic amplification of available illumi- 
nation (natural and artificial), such as employed by low-light level TV cameras 
and by military night vision goggles and scopes. Carried to their logical 
extremes, such systems could drastically reduce, perhaps even eliminate the 
need for artificial lighting altogether. Clearly, some additional development 
would be required to use such goggles and scopes in space applications. The 
approach seems promising, since the major electronics feasibility has been 
proven. However, such developments are not now planned as part of *he Shuttle 
hardware development, and further discussion of such devices is beyond the 
scope of this document. 

The use of light amplification devices during the eclipse phase of orbit 
brings to the fore a secondary concern, that of orientation considerations for 
space construction. (In sunlight, orientation is a primary concern, to be 
discussed later). The naturally available starlight is comfortably diffuse 
and wide spread, covering over half of the spherical angles surrounding the 
orbiter/construction project. Moonlight, however, is highly directional and 
relatively bright compared to starlight, especially at full moon. Shadows 
in moonlight could become a significant consideration. However, the use of 
artificial lighting at relatively low levels could practically eliminate any 
orientation problems for dark side operations. This is in contrast with the 
sunlit operations, where competing with sunlight is impractical for artificial 
lighting. 
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Work Cessation on Dark Side of Orb i t 


In view of the foregoing complexities, it i« appropriate to raise th« 
question, "Why do any construction work on the sciipss aids?" If no work is 
dons, no lighting power is required. Closely related to this question is 
scheduling of unproductive (but necessary) rest periods which can be scheduled 
for this tine, thus mitigating the effects of work cessation or at least mini- 
mising lighting power duration. 

Figure 4.9-7 depicts eclipse durations at 463 km altitude versus /? angle 
(angle between orbit plane and sunline) . Eclipse durations are about 28 to 36 
minutes at 463 km (230 nmi) and a 28.3 degree (52 degree max /Jangle) inclined 
orbii. Thus, a ten-minute rest period represents about 36 to 28 percent of the 
period of darkness. However, the remaining amount (16 to 26 minutes) represents 
about 19 to 23 percent of the total orbit period. Such percentages are not 
negligible. EVA operations are especially important as regards maximum use of 
the available work time, since only about 5 hours out of a 10-hour work day are 
really useful. The suit donning and doffing time absorb the balance. For 
efficient use of crew members in the cabin or in EVA, rest periods should be 
no longer than actually necessary in order to get the maximum benefit of the 
highly limited work time. On the other hand, a 10-minute rest period could be 
creatively used for dark adaptation of crew member's eyes in preparation for 
more efficient vision. Such an adaptation period is generally compatible with 
effective use of night vision goggles. Alternately, better vision could be 
obtained for effective use of minimal lighting with the unaided eye. In 
addition, carefully selected dark goggles can be used on the sunlit side of 
orbit to reduce the amount of dark adaptation required for eclipse side 
operations. 

TV, lighting and Intra-Project Geometry Considerations 

Certain precautions ars necessary in using television camsras for aiding 
space construction activity on the eclipse side of orbit. A major concern is 
that the light level not be too bright in the observed scene, whether seen as 
a reflection or as a source. This leads to the guideline that lights should 
be arranged to provide indirect or oblique lighting on objects seen by TV 
cameras. 

Table 4.9-6 provides a summary of guidelines for use of lighting, special 
finiihes and procedures on the eclipse side of orbit, based on the recognized 
limited power capability of the orbiter. The terms "Space Construction" used 
herein imply all forms of module installation, removal, chec ut, inspection 
and deployment as well as fabrication and assembly of large space structures. 

4.9.6 Orientation and Natural Illumination for Sunlit Side of Orbit 


Several questions concerning vision and spacecraft orientation on the 
sunlit side of low earth orbit have been raised during previous space construc- 
tion studies. For example, Ceneral Dynamics analysts recommend against orien- 
tations involving viewing conditions in which the earth appears as a brightly 
lit background to the observed construction activity (General Dynamics, 1978 a). 
Alto, it is a wall known fact that direct view of the solar disk is harmful 
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463 Kjd Orblc 
(250nmi) 



Fiyure 4.9-7. Duration of Eclipse Period Vs. /3-Angle 
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Table 4*9-6* Checklist: Guidelines for Lighting Provisions in 

Space Construction on the Dark Side of Orbit 


( ) GUI DELI NES/-QUAUFICAT IONS 


REFERENCES 


ICTjUMdiin 


( ) Construction vork should be continued 

during eclipse phase to effectively use 
crew time. (R-4) 

• Analysis of specific cases is recommended 
to investigate alternatives* 

( ) Construction lighting should be held to 

minimum requirements to avoid excessive use 
of orbiter power* (R-4) 

• Less critical if auxilliary powur sources 
are available (Power Module, Solar arrays 
on construction). 

( ) Deployment of auxilliary solar power arrays 

for lighting power may cause undesirable 
high drag in LEO and require solar pointing 
(attitude control). Affects stress levels 
in structure, RCS fuel., and/or CMC electrical 
power requirements. (R-4) 

( ) Current orbiter lamps are not compatible with 

frequent on-off cycles. 


( ) Minimize illumination requirements (R-4) 

. Design for concentrated work space, few 
lamps* 

• Install lamps only where and when needed 
for critical tasks. 

• Use portable, battery powered lamps for 
remote work sites. 

. Provide running lights, flashers at key 
points. 

• Provide new lamps: Compatible with frequent 

on-off cycling, space environment* 


Rockwell 1979 (a): 
SSD 79-0123 


Affects duration, 
power fequirements, 
lighting designs. 

Rockwell 1979 (a): 


Minimize lighting 
(See following 
guidelines) 


Rockwell 1979 (a): 


Supports concept of 
frugality in lighting 
when construction 
from orbiter. 

Rockwell 1979 (a): 


Minimise on-off opera- 
tions in orbit. 

Affects power demand. 

Rockwell 1979(a): 


Affects design of 
construction fixtures, 
power supplies, types 
of lamps, finishes, 
crew equipment, TV 
cameras. Affects 
selection of work/ 
rest cycles and crew 
•procedures . 


Specify light-colored, flat finishes 











Table 4*9-6* Checklist: Guidelines for Lighting Provisions in 

Space Construction on the Dark Side of Orbit (Cont«) 


( ) GUIDELINES/* QUALIFICATIONS 


REFERENCES 


inuwmrora 


• Use retroflectors where appropriate. 

• Provide reflector panels where feasible 

• Checkout equipment in lighted cargo bay. 

• Dark adapt crew at start of eclipse 
pcriod/rest time* 

• Utilize low-light-level TV for remotely 
controlled operations* 

. Consider use of night vision goggles and 
scopes for cabin crew and EVA crew 

( ) Provide indirect lighting for TV cameras 

wherever possible* (R-4) 

• Avoid TV camera viewing of direct reflec- 
tions of supporting lights in objects 
handled* especially if objects have 
specular surfaces* 


Rockwell 1979 (a): 
SSD 79-0123 


Affects design of 
payload modules and 
lighting locations. 
Requires analysis of 
reflections* surface 
characteristics. 






i 


to the human aye, and to most TV tubas. Raflaction of tha sun from highly 
specular surfaces, such as the radiators on the orbitar cargo bay doors, 
also may ba harmful to vision and to TV tubas. Tha lattar is particularly 
troublasome if tha solar rays are concentrated by tha curvature of tha orbiter 
thermal radiator surfaces. Finally, there are concerns about glare, high 
contrast and range of brightness (brightness ratios) between sunlit surfaces 
.v.d adjacent surfaces in deep shadows, a condition which tends to be accent- 
uated in space. Each of these problem areas was investigated during an 
analysis effort by Rockwell International (1979 a), and pertinent results 
are reported herein. 

High Brightness Background 

A large area of cloud cover on the earth can provide a high-brightness 
background when sunlight is reflected from it. Also, the Shuttle Orbiter has 
many surfaces with a high reflectivity ( p • .80 to .95), which could appear 
as a bright background when observed by a TV camera or EVA crew member looking 
toward those surfaces. Is this a serious problem? If the surfaces are not 
specular, the answer is generally "no", for these high-brightness conditions 
can be reduced to acceptable levels for the human eye by filters of various 
absorptivities. Table 4.9-5 provides typical transmissability data for various 
orbiter window, EMU helmet and light filter combinations, as well as the effec- 
tive reduction in luminance from the sun. For the TV cameras one can use 
filters, iris diameter control and gain control to reduce undesirable effects 
of background brightness. In most cases, the more appropriate question is one 
of the ratio of brightness of the background to the brightness of the observed 
target (construction project). 

Brightness Ratios 

In oraer to see detail contour and marking information on the surfaces 
of a construction project, it is necessary that the ratio of background bright- 
ness to foreground brightness be within the range of capability of the sensors. 
Whereas the human eye can accoasnodatc to a wide brightness range, TV cameras 
are usually more limited. Preliminary investigations suggest that TV cameras 
might accommodate to a range between 30:1 to 50:1. An investigation was per- 
formed to evaluate potential problems of brightness contrast in low earth 
orbit, and calculations were performed to estimate apparent brightness levels 
and brightness ratios under a wide range of conditions. Initially, information 
on typical reflected light flux levels in low earth orbit was sought from the 
literature. Since no such measurement data were found, it was necessary to 
calculate them. 

For purposes of simplifying analyses, it was assumed that all structure 
would have a coating reflectivity of 0.5. The orbiter spacecraft and con- 
struction equipment surface reflectivities used for these analyses appear in 
Table 4.9-3. 

In the space construction environment, many surfaces can act as either 
a light source (direct or reflected) or as a viewing background as shown pre- 
viously in Figure 4.9-1. For example, the orbiter payload bay, radiators anc 
wings can act as a source, by reflecting sunlight, earthshine (reflected sun- 
light from clouds, sea or land), starlight, moonlight, or artificial light 
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onto a construction projact in process near the orbitar. Also, these orbiter 
surfaces My be seen as backgrounds to the construction truss work or modules, 
when viewed by an EVA crew member or a TV camera looking toward the orbiter. 

In order to present succinct data on brightness ratios for many of the 
possible combinations of direct and reflected lighting on structure and on 
backgrounds, a series of Mtrix charts were prepared for this system analysis 
study. Table 4.9-7 covers cases of a single source of illumination versus a 
vide range of background conditions. Combinations of two sources of lighting 
were shown for a given specified background (such as bright clouds, low bright- 
ness earth, orbitar payload bay, orbiter radiator or wing) in Tables 4.9-8 to 
4.9-13. In these tables, the same direct and reflected light sources are 
listed horizontally and vertically in order from left to right and top to 
bottom, respectively. Brightness ratios are listed at intersections of the 
two conditions. These lists remind us that all natural illumination except 
starlight comes originally from the sun. However, lighting on the construc- 
tion project My come directly from the sun or be reflected from sunlight 
falling on the orbiter or from sunlight which first hits the earth, then is 
reflected onto the construction work or is reflected onto the various surfaces 
of the orbiter and then reflected again onto the structure. The large number 
of potential reflectors creates an extensive analysis problem. However, there 
are many possible cases which would be either meaningless or trivial, rarely 
encountered, or known to involve obvious unacceptable viewing conditions. 

These were noted on the charts by shading or asterisks. It. was judged not 
cost effective to attempt to complete analysis of all possible reMining com- 
binations for purposes of this study project. However, a significant number 
of important cases were examined to jet a sampling of expected conditions* 

The results from the approxiMtuly 50 cases analyzed showed brightness 
ratios between structure and background of generally less than 10:1. These 
analysis results indicate that seeing conditions for construction in low earth 
orbit are actually often quite favorable. In fact, the multiple diffuse reflec- 
tions from the vide angle of visible earth surface My provide very good light- 
ing conditions in many cases, particularly by "filling in" the deep shadows 
which are possible in airless space. The Min problem will be work interrup - 
tion caused by avoiding direct view of the sun (within about 2° of line of 
sight) or viewing the sun in highly specular reflective surfaces such as the 
orbiter radiators or glass surfaces on solar arrays at certain unfavorable 
angles. 

Another, more subtle problem, can also occur: that of shifting from view- 

ing a dark structure against a lighter background to viewing a lighter structure 
against a darker background. At the cross-over time, a lack of contrast may 
cause probleM in discriminating outlines and details of the structure. Again, 
these conditions are unlikely to occur frequently or to last long, and My be 
overcome to some degree by color contrast between structure and background, 
and by distinctive Mrkings on key structural areas where visual alignment is 
required. However, it is probably valuable to develop methods to predict the 
frequency and duration of these and other potential work interruption periods 
related to illumination. In some cases, there My be significant impacts which 
should be controlled by shading of structure, redesign of construction fixtures 
or even by the assembly sequence for the project. 
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Table 4.9-7 . Space Construction Natural Illumination Analysis, Single-Source 
Illuminating Structure (Shuttle Orbiter Ease) 


STRUCTURE 

ILLUMINATION 

SOURCES 


VIEWING BACKGROUNDS X. 


SUN 


MOON 


starpield 


EARTH, Ml : h-' 


E4" TH, LOW- c 


*P/L BAY, SUNLIT 


R/L BAY, E.L., 


P/L BAY, E L., LO-0 


P/L BAY, MOONLIT 


P'L BAY. STARL'T 


radiator, sunlit (a) 


RADIATOR. E.L.. Nl-p 


RAOIATOR. E.L., LO-0 


RADIATOR. MOONLIT 


RADIATOR. STARLIT 


WING/B30*. SUNLIT 


WING/BCOY. E . L . . HI-0 


WING/BOOY. E.L.. LO-0 


WING/BOOY. moonlit 


WING/BCOY. STARLIT 


NOTES: Numerical values are ratios of brightness, higher illumination 

level divided by lower. 

(a) Reflection of solar disc in radiator is not acceptable viewing 

COnd i t ion. 

(b) Illuminated structure probably much brighter than shado-ed areas. 
Brightness ratios not relevant (additional reflected light desired) 

(c) Illuminated background much brighter than structure. B'ightness 
ratios not' relevant (additional reflected light on structure 
des i red) . 

(d) Complex reflection patterns from specular radiator prevents 
ana lysis at thi s level . 

*P/L Bav ■ Cargo Bay. 
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Table 4.9-8. Space Construction Natural Illuaination Analysis, Double Sources 
on Structure, Radiator Background Cases (Shuttle Orbiter Base) 
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Table 4.9-9. Space Construction Natural Illumination Analysis, Double Sources 
on Structure, Starfield or Dark Earth Background Cases 
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Table A. 9-10. Space Construction Natural Illumination Analysis, Double Sources 
on Structure Sunlit Bright Cloud Background Cases (Shuttle Or 
(Shuttle Orbiter Base) 


STRUCTURAL 

ILLUMINATION 

SOURCES 

SUN 

n 

S 

•/» 

fr- 

Cl 

w 

m 

o 

► 

Nf 

m 

o 

2 

► 

4 

a. 

« 

o 

< 

o 

* 

ar 

a 

X 

3 

IARTm high 0 

earth, to j e 

“CCS 

fr- 

et 

u 

m 

o 

► 

2 

_t 

x* 

X. 

o 

fr- 

< 

o 

< 

ar 

H 

*- 

u 

bat 

m 

o 

► 

2 

-J 

X 

s 

►- 

< 

o 

* 

m 

o 

X 

3 

►- 

VJ 

at 

3 

► 

2 

—A 

X 

m 

o 

►- 

< 

o 

< 

s 

3 


5 

DIRECT SUN 
* F/l BAY 
RAOI-TOR 
WING 

ill 


([ 

J 

i 

lUPLICATES OPPOSITE ► 

r 

IALF ) 

x*- 

K X 
at i9 

< - 
M X 

DIRECT 
F/l BAY 
RADIATOR 
MINI, 

2.) J.b (b) 

M Id) (b) 

2 ) 2.G (b) 

XI 

• 

1.S • 

• a 




£ «- 

: 2 
Rat —A 

OIRECT 
F/l BAY 
RADiAIOR 
WINC 


Y.V 

• 

• 

I 



i 

X 

f 

DIRECT 
F/l BAY 

radiator 

MING 

FRAC 

TICAILV SIMILAR TO SINGL 

[-SOURCE CASES — 
(c) 

\ 

B 

Bl 

i 

stars 

: 



mmm 

3 


SOU : NUMERICAL VALUES ANt RATIOS OF BRIGHTNESS, HIGHER VAIUI OIVIOIO BY LOWER. 


• CASTS ART IMPOSSIBLE OR HI AN I MCI £ SS (IHJPL ICAT IOS OF SOURCIS) 

(a) FRf SEMCt OF Ml GH-BR I GHTNESS BACKGROUND USUAUY IMPLIES H I GH- BR I CHTNI SS 1IGHTIMC OF All ORBITIB SURF AC IS. 

(b) COMF1 ( I RiFliCT ION FATTCRS Of FOIST STURCf FROM SFTCUIAR BAOIATOB FRIVINTS ANALYSIS AT THIS LEVEL. 

(c) LUNAR LIGHT ESSENTIALLY INVISIRII IN FRTSINCT OF BRIGHT SUNLIGHT REFLECTIONS. BR IGHTNISS RATIOS 
GRCATIR THAN 10V 

(d) UHIIRTIV THAT BOTH SOURCtS CAS IllUMINAli STRUCTURE DUE TO CONE I CURA , .ON OR EARTH-SUN RELATIONSHIPS. 

*P/L Bay = Cargo Bay 

































Table 4.9-11. Space Construction Natural Illumination Analysis, Double Sources 
on Structure, Low-Brightness Earth Background (Sunlit) Cases 
(Shuttle Orbiter Base) 


STRUCTURA 

ILLUMINATION 

SOURCES 

SUN 

m 

< 

*- 

S' 

5 

A* 

»- 

u 

BaS 

m 

o 

► 

3 
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2 

► 
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1 

3 
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(a 

• 
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IE 

L_ 

* 1 * 1 * 
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(b) 

• 
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S 

? 

DIRECT 
P/L RAT 
RADIATOR 
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I 
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1 
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:> 


a 


WOKS: NUMERICAL VALUES AM RATIOS OF BRIGHTNESS, HIGHER ILLUMINATION LEVEL DIVIDER ST LOWER . 

• CASES AR| IMPOSSIBLE OR MEANINGLESS (DUPLICATION OF SOURCES) 

(,) PRESENCE OF LOW- BRIGHTNESS BACKGROUND USUAL IT IMPLIES LOW- SR IGHTNESS Lit* TING UN ALL SURFACES 

(Si COMPEER REFLECTION PATIIRM OF POIMT SOURCE FROM SPtCUlAR RAO I AT OR PREVENTS ANALYSIS AT THIS LIW1. 

(c) LUNAR LIGHT CSSCNTIAllV INVISIBLE IN PRESENCE OF BRIGHT SUNLIGHT REFLECTIONS. 

(d) UNtlRILT THAT BOTH SOURCES CAN ILLUHINATI STRUCTURE BUt TO C ONF I GURA T I CN OR EARTH-SUN RELATIONSHIP. 
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Table 4.9-13. Space Conatruction Natural Illuaination Analysis, Double Sources 
on Structure, Wing/Body Surface Background (Shuttle Orbiter Base) 
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In summary , th« foregoing problems may be anticipated in some degree and 
avoided in che following ways) 

(1) Multiple TV camera locations providing a selection of viewing angles . 

(2) Shifting the viewing location (for EVA crew). 

(3) Providing localised shade panels or diffusers. 

(4) Vork scheduling. 

(5) Construction project re-orientation. 

The last listed option has been noted as generally undesirable because 
of stress loads and fuel economies. It is probably not necessary or cost 
effective in mo't cases. The constantly changing orbital conditions will tend 
to revise viewing angles in relation to the solar rays within a short time, 
especially if there is no attempt to maintain a solar inertial attitude control. 

Attitude Orientation Considerations 


Foregoing considerations of vehicle and construction work orientations 
have dealt mainly with general problems of light levels and specularity asso- 
ciated with differing orientations rather than specific angular limits and 
specific tasks involving illumination and viewing with TV. Another considera- 
tion is the geometric interaction of construction activity viewing require- 
ments and the critical combinations of light directions impinging on the 
construction. Previous discussion has shown that the direction of the sun's 
rays is the single most critical consideration affecting work interruption 
on Che sunlit side of orbit. A method is needed to analyte and susssarize 
typical viewing directions for a specific project and relate them to probable 
directions of the sun's rays, based upon stability analyses of the orbiting 
construction projects. The method recommended here for the summary presen- 
tation of viewing angles is the single-point globographic diagram. Ir: such 
a presentation it is assumed that all viewing directions originate from a 
common point in space. All of the critical viewing angles are plotted as 
points or areas on a sphere surrounding the consnon point, in terms of angles 
of longitude and latitude. With respect to the sun's nearly parallel rays 
of light, such an approximation is quite reasonable as a summary method. Of 
course, in the actual physical situation there may be a portion of the orbiter, 
construction project or space base between the observer and the sun, such that ‘ 
there is no problem of viewing the solar disc by an observer. Such obstruc- 
tions can also be plotted for a specific eye or camera position. 

To develop a meaningful example which illustrates the method and presen- 
tation, a brief analysis was performed on a space fabricated tri-beam advanced 
communication platform project. Figure 4.9-6 illustrates several key construc- 
tion operations and probable viewing directions (indicated by arrows and TV 
camera/light sets) which were identified and tabulated during the analysis. 

The orbiters relation to structure and a summary cf viewing directions are 
shown at the lower right. 
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Figure 4 .9-8. 


Key Construction Processes and Associated 
Viewing Directions for Exanple Study 



Two views of Che globographic summary of viewing angles for Chis project 
are shown in Figure 4.9-9. The views are a rear quarter view and front quarter 
view with respect to the orbiter. On the theoretical globe graduated in degrees 
elevation and azimuth, 0° of elevation and azimuth correspond to the orbiter 's 
— X axis. Areas (spots) marked with shading slanted upward to the right repre- 
sent an estimated range (±5°) about the nominal key viewing angles required 
for TV cameras or £VA crew during construction processes. The directions 
indicated by arrows shown in Figure 4.9-8 would intersect the globe at the 
center of these shaded areas. The dashed lines which surround the shaded 
areas suggest a wider range of angles where sunlight impingement on a TV 
camera lens would be undesirable, and where some special shielding may be 
required to reduce viewing angles. Areas shaded with lines slanting upward 
to the left, covering the top and a portion of the rear of the globe around 
the orbiter, are also shown. These indicate probable required viewing angles 
from the windows of the crew cabin on-orbit stations and the payload bay TV 
cameras. Such angles would be used for erection operations of the construc- 
tion fixture, general observations of construction processes, and occasionally 
for selected critical transport and assembly operations. 

Knowing the probable viewing angles, one can consider selection of initial 
orientations and launch parameters for favorable average viewing conditions, 
specially where some orientation control is achievable by gravity gradient 
methods. Some of the more obvious orientations options which were identified 
are briefly evaluated and summarized in Table 4.9-14. It appears that the 
solar-fixed inertial attitude gives the best control of natural illumination, 
and is desirable if a favorable attitude can be maintained. However, any 
unfavorable aspects would also be maintained continuously throughout the sunlit 
side of the orbit. In contrast, the earth-oriented and the drifting modes have 
the potential advantage (as well as problems) of variety; any problem which 
turns up will likely pass away shortly afterward. More important and specific 
to the selection of orientations are the problem* of fuel requirements and 
power to maintain positive attitude control, potential loads on the structure 
during the vulnerable period of construction, and the added complexity and 
cost of stabilization and control systems which are designed only for the 
construction period. The free-drift, semi-gravity gradient stabilized orien- 
tations tend to reduce such fuel costs and complexities. 

Based on the foregoing analyses, the following general guidelines were 
derived for favorable construction orientation selection in relation to the 
sunlit side of earth orbit: 

o Orient the cargo bay toward the earth or toward the horizon such 
that at least half the earth disc can reflect diffuse sunlight 
reflections from earth toward the structure and also can be 
reflected by the orbiter surfaces. This attitude range tends to 
avoid solar reflections from the orbiter radiators. 

o Alternatively, orient the orbiter and construction work so as to 
reflect sunlight from the wings, radiator and cargo bay toward 
the construction work, but from behind the majority of TV cameras 
and EVA work stations. 
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Table 4.9-14. General Considerations for Selecting Space Construction 
Orientation with Respect to Viewing from Orbiter Aft 
Flight Deck 


ATTITUDE 


Solar-fixed inertial: 


o Nose toward sun 


CONSIDERATIONS FOR VIEWING AND THERMAL 


Construction is always well illuminated if above 
cargo bay or to the aide of Orbiter. No problems 
of veiling luminance from sun, radiator reflec- 
tions, or direct vision of sun, but some concern 
for bright background from earth-cloud cover. 
Favorable for thermal radiation. 


o Nose toward sun pitch 
down 45° 1 10° 


o Nose 90° from sun. 


Construction is well illuminated by direct sun- 
light and wing/body reflections. Some bright 
reflections from cargo bay, moderate concern for 
reflections from radiators. Reduced glare from 
earth cloud cover. Acceptable for thermal 
radiation. No solar veiling luminance. 

One side of construction and assembly fixture 
appears in solar shadow, but strong reflection 
from earth on opposite side helps, especially 
during middle of sunlit period. Favorable for 
thermal radiation. Few problems with reflections 
from radiators. 


Earth-fixed reiationshil 


Wings toward nadir 
Nose toward pole (South 
or North as function of 
time of year, time of 
launch) 

(XPOP, YLV, ZW) 


o Cargo bay toward 
earth 

(XPOP, ZLV, YW) 


General Dynamics (1978) considers favorable to 
limit earth viewing and sun viewing. Some 
problems with sun background when coming around 
limb of earth. Configurations requiring over- 
head viewing have part-time viewing directly 
at sun. Solar shadows over cargo bay mitigated 
by earth reflections when belly of orbiter 
facing sun. Generally favorable, but variable 
thermal radiation effects. 

Bright solar reflections off cargo bay at dawn 
and dusk of orbit. Earth background at all 
times, very bright at orbital noon, but in 
shadow of sun; good viewing. Unfavorable for 
thermal radiation. 
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Table 4.9-14. General Conilderations for Selecting Space Construction 
Orientation with Respect to Viewing from Orbiter Aft 
Flight Deck, (Continued) 


ATTITUDE 

CONSIDERATIONS FOR VIEWING AND THERMAL RADIATION 

Earth-fixed relationship 

• 


(Cont.) 

o Payload bay away 
from earth 

(XPOP, -ZLV, YW) 

o 

Very bright reflections from sun in cargo 
bay. Sun background overhead unacceptable 
during large part of orbit, unfavorable 
for TV & EVA looking toward orbiter radia- 
tors. Unfavorable for maximum heat rejec- 
tion near solar noon. 

Random - free drift 



o Rotating mode - 
undamped 

o 

Wide variety of angles are not predictable. 
Optimum approach for vision would be to 
erect a diffuser/reflector curtain over 
Che cargo bay prior to starting construc- 
tion work, provide artificial illumination. 
However, radiator heat rejection is ad- 
versely affected. 

o Gravity gradient 
stabilization only. 
Limited oscillations 

UPOP, -XLV, YW) 

< 

o 

Attitudes under these conditions must be 
calculated. Shade or diffuser may be 
desired if attitude unfavorable. Location 
is critical to radiator heat rejection. 
Some of earth-fixed relationships may be 
applicable, depending on configuration, 
construction strategy. 


o When possible, orient the orbiter and/or construction base (if used) 
so as to shield viewing sites from direct solar impingement when work 
is going on at the work site. The latter guideline suggests that 
the sunlight should illuminate the belley of the orbiter rather than 
the cargo bay and radiators. 
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Example of Solar Viewing Angle Analysis 


Applications of these guide linas are illustrated by a specific example. 

A preliminary stability analysis of the tri-beam, space fabricated, advanced 
communication platform during the construction process has indicated the 
probable orientation conditions* illustrated in Figure 4.9-10 and further 
examined as follows: 

(1) The longitudinal axis of the project (orbiter Y axis) will point toward 
the center of the earth (along the local vertical) and will drift approxi- 
mately +15°, leading or lagging the orbiter, in the plane of orbit. The 
period is abcut 1.7 cycles per orbit. The orbiter wings will approxi- 
mately lie in the plane of the orbit. 

(2) The construction project will oscillate approximately ±10° about the 
local vertical in directions perpendicular to the plane of the orbit. 

(3) The orbiter should be oriented with tail leading (ZPOP, YLV, XVV ) , 
but nose leading (ZPOP, -YLV, -XVV) is acceptable. It will tend to 
rotate about the orbiter Y axis, approximately ♦10°, in a plane approx- 
imately perpendicular to the orbiter plane. 

Figure 4.9-10 provides an example of how the previously described 
globographic presentation can be used to describe sun impingement angles with 
respect to the orbiter: Since the theoretical globe is considered to be firmly 

attached to the orbiter, a viewer on the orbiter sees the sun trace a different 
path along the surface of the theoretical globe on each orbit. The path is a 
function of the 0 angle of the orbit plane (angle relative to sun) and the 
attitude drift angle status of the orbiter. View A-A in Figure 4.9-10 shows 
how the average elevation of the sun's path (relative to the orbiter) may vary 
during the winter solstice (December 21). The orbital plane 0-angle may vary 
from -52° to 4 - 5 °, depending on time of launch during the day. The shaded 
area on the theoretical globe represents the entire range of possible sun 
positions in angular coordinates. Figure 4.9-11 indicates how such potential 
sun viewing angles can be plotted on the globographic presentation (shown as 
horizontal shaded area) and compared to the critical viewing angle-, (or con- 
struction, as shown in Figure 4.9-9. The resulting comparison in Figure 4.9-11 

indicates that looking at the earth (starboard) and northward (overhead, away 

from cargo bay) are favorable directions to avoid a direct view of the sun 
for conditions stated and the project being constructed. The orientation also 
satisfies one of the guidelines for orientation; that is, the cargo bay 
generally faces the northern horizon, so that considerable reflected light 
from the earth illuminates at least one side of the structure mounted "above" 

the cargo bay. For those orbits having 0-angles of approximately 20° to 52°, 

the orbiter structure provides considerable shielding against viewing the sun, 
since the belly is oriented somewhat toward the sun. The globographic diagram 
can also be used to illustrate the favorable range of angles to shield a specific 
viewing site from the sun. For example, Figure 4.9-12 compares the benefits of 
orbiter structure shielding to the possible range of solar viewing angles pre- 
viously described. In the example, two different work sites are assumed. One 
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Figure A. 9-12. Solar Viewing Angles Compared in Qrbiter Shading 
I'otenlial Flow Two Viewing Sites 


site is the orbiter aft cabin, where considerable head movement is assumed 
possible so as to increase the field of view out the windows beyond chat 
usually shown. The visually obstructed area is shaded with vertical lines. 

The other viewing site is a fixed point about 20 meters above the center of 
the cargo bay. The resulting visual obstruction area is shown shaded with 
horizontal lines. Figure 4.9-12 also shows the potential range of sun viewing 
angles outlined by the, dashed line. A relatively small portion of this sun- 
viewing angle range is not shielded from the crew in the cabin (the area shaded 
by dots). However, the view from the site above the cargo bay has a much 
larger chance of sunlight viewing. If this site represents a TV camera which 
is primarily oriented toward the cargo bay and is shaded to prevent an 
excessively wide range of viewing angle, then it could be largely protected 
from sun viewing by the orbiter body. 

Rotational Rate Considerations in Natural Illumination 


Some concern may arise relating to a constantly changing visual environ- 
ment during space construction. Possible problems are simple annoyance, incon- 
venience, confusion of shapes or directions, disorientation and even motion 
sickness. Most of these problems relate to the rates or motion experienced. 

In the specific example studied, the rotational rates were relatively slow, 
as shown in Table 4.9-15. Experience shows that such rates would generally 
have negligible effects on the crew as concerns disorientation or motion 
sickness. Large rates could be experienced if the construction proceeds 
at a faster rate, or other balance conditions produce instabilities. The 
rates shown in Table 4.9-15 are not to be considered either average nor 
limiting conditions. However, even if the rates were ten times those listed, 
there is little chance of visual disorientation for the crew. 


Table 4.9-15* Rotational Rates During Space Construction of Tri-Beam, 
Space Fabricated Communications Platform 


(Angles Relative to Sun 

— One Example Case) 

Motion 

Rates 

Satellite Axes 

Orbiter Axes 

(Degrees/Sec ) 

Roll 

• 

Roll 

-.07 



+ .05 

Pitch 

Ysw 

♦ .06 



-.06 

Yaw 

Pitch 

♦ .075 



-.070 
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Finish Coating; Color* and Specularity 

Non-apecular (flat) finish coating* ar* highly desirable for viewing on 
tha sunlit sida of orbit as vail aa on th# aelipaa side. However, thara 1 a 
atrong raaaon for somewhat darkar (non-white) huaa with lower raflactanca on the 
aunlit sida than on tha dark sida. Thia type of finish would give greater 
assurance that structure could be seen againat bright whit* cloud* or the 
whit* wing or cargo bay surfaces or tha orbitar. C. Whaalwright of NASA, 
Johnson Space Canter, raconnands colors in th* yellow, yellow-green or brown 
range, with th* yallow-graan color of zinc oxide primer considered as th* 
ideal. Rather than widely different hues, he recommends varied purity and 
chroma for contrast in differing structures and modules. 

Table 4.9-16 summarizes th* foregoing discussion into guidelines for 
use of the orbitar and systems in viewing and illumination on th* sunlit 
side of low earth orbit. 
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Table 4.9-16. Checklist: Guideline* for Use of Orbiter and Syatan in 

Viewing/Illumination on Sunlit Sida of Orbit 


( ) GUIDELINES / • QUALIFICATIONS 


imHQiLHH 


) Design large space structures to minimise 
requirements for direct viewing of sun or 
its reflection in orbiter radiators and 
other specular surfaces. (R-4) 


) If possible, orient viewing angles and 

orbiter to take advantage of reflected light 
from earth. (R-4) 

• Applies to both direct viewing and TV 
camera viewing. 

• Free-drift condition is probably acceptable 
in most cases - undesirable* viewing con- 
ditions are short-lived. 

• Earth viewing (as background) may be 
acceptable with adequate window filters, 
dark glasses, helmet filters. 


) Provide flat (non-specular) finishes, light 
colors on all space construction equipment 
and structures, to the degree feasible. 

(R-4) 


Rockwell 1979 (a): 
SSD 79-0123 


Affects location with 
respect to orbiter, 
attitude control, 
configuration. 

Rockwell 1979 (a): 

SSD 79-0123 


Affects analysis of 
gravity gradient or 
active control of 
attitude. 

Affect selection of 
TV camera locations, 
EVA workspace loca- 
tions, orientations. 

Affects crew proce- 
dures and equipment 
selection. 

Affects selection of 
materials, manufac- 
turing processes, 
finish selection. 
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4.10 ELECTRICAL ORBITER POWER SUBSYSTEM 


v 


Tha electrical power subsystem (EPS) consists of tha equipment and 
raactanta required to aupply alactrical power co tha electrical buaea. Tha 
general arranganant of electrical power system components ia illustrated in 
Figure 4. 10-1, Electrical power diatribution and conditioning equipment 
beyond the power generation equipment terminal* ia not considered a part 
of thia aubayatea. Power ia supplied to fulfill all orbiter requirements 
when it ia not connected to GSE power. 

The EPS can be functionally divided into two major subsystems: 

1* Power generation aubayatea: fuel cell powerplanta (FCP). 

2* Power reactant storage and diatribution (PRSD) subsystem* 

The EPS supplies power during the peak, average, and minimum load 
periods of the mission. It supplies oxygen to the environmental control 
and life support subsystem (ECLSS). The peak power and average power 
requirements are supplied by the three FCP’s with each FCP connected to one 
of the three main dc Vises* The minimum power requirements are supplied 
by two of the three FC'a with one FCP connected to two buses* Under 
certain conditions, namely, a +40°F environment, the third FCP can be 
shut down and disconnected from the bus and can be restarted and reconnected 
to the bus within 15 minutes as required to support higher loads. For 
conditions where the environment will be lover than +40°F, the third 
FCP can be placed on standby and disconnected from the bus and can be 
reconnected as required. Excess heat from the fuel cells is transferred 
to the Freon cooling loop through heat exchangers* 

Key constraints of concern to typical construction operations for 
large space structures are the total energy, the maximum continuous 
power and the peak power availability to payloads* The maximum power 
limitation typically constrains combined use of the RMS, lights on the 
orbiter and construction fixture and possibly heaters for construction 
machinery. However, some projects may find constraints on power usage 
for ascent and descent to be of significance* 

Table 4*10*1 summarises the key numerical constraints on the above 
mentioned quantities* Details of the orbiter capability and descriptions 
of the subsystems follow* 

Figure 4.10*2 summarises the power and energy availability of the 
orbiter as a function of the number of tank sets installed. The nominal 
complement is three (3) tanks sets (all below the payload bay liner). 

If mission energy requirements exceed that provided by the three 
baseline PRSD tank sets, additional tank sets can be installed with 
cost and weight penalties* The additional sets are called kits, with 
kit one being the fourth PRSD tank set. The baseline PRSD system is 
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Figure 4.10-1. Electrical Power Subsystem 




Table 4*10-1. Checklist: Orblcer Conntreintt on Use of Electrical 

Power for Large Space Structure Operations 


( ) CONSTRAINTS /• QUALIFICATIONS 


< ) During 10 minute launch- to-orb it phase 

and the 30-aioute deorbit-to landing 
phase; 1000 watts average to 1200 watts 
peak are available to payloads in the 
cargo hay (R-l) 

( ) During payload equipment operations on 

orbit (e*g«, large space construction) 
the average power demand by payloads 
shall not exceed 7 t 000 watts (with radiator 
kits installed), and peak power demand 
shall not exceed 12,000 watts for more* 
than IS minutas evary thrae hours* (R-l) 


• Maximum Power usage is constrained by 
orbiter beat rejection capability 
(See Section 4,13) • 

• Power may be drawn from mid-bay 
connector or/and aft bulkhead connectors, 
but maximum power cannot be exceeded* 

• If single connector, only the aid bay 
connector is capable of full load* 

( ) Without the payload radiator kit available, 

power is 6000 watts maximum continuous, with 
12,000 watts peak for 12 minutes evary 
three hours* (R-l) 

( ) Each of the two aft bulkhead interfaces can 

provide up to 1200 watts continuous and 2000 
watts peak power (R-l) 

( ) Buses must be isolated on the payload side 

of the interface except for the auxiliary 
buses* (R-l) * 

( ) If a fuel cell failure occurs during on-orbit 

operation, the cargo power will be supplied 
from the orbiter bus and time-shared with 
orbiter subsystems at a reduced level of 

5 lew continuous and 8 kv peak (R-l) 


UOilHMtEH 


Rockwell, 1980 (b): 
SSV80-1 


NASA, 1980 (a); 
JSC-07700. Vol XIV 


Rockwell, I960 (b): 
SSV80-1 


NASA, 1980 (a): 
JSC-07700 Vol XIV 


Affects scheduling 
of high-power units 
for construction or 
checkout operations* 

Orbiter orientation, 
radiator structure 
blockage by large 
space structure and 
heat rejection 
required to cool 
payloads all affect 
maximum power usage. 


Rockwell , 1980 (b): 
SSV80-1 


Rockwell, 1980 (b): 
SSV80-1 


Rockwell, 1980 (b): 
SSV80-1 


Rockwell, 1980 (b): 
SSV80-1 
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Table 4.10-1 (continued) Checklist 


( ) CONSTRAINTS /• QUALIFICATIONS 


REFERENCES 


IMPLICATIONS 


( ) A payload may experience a total loss of power Rockwell, 1980 (b): 

if operating on a dedicated fuel cell which SSV80-1 
fails, or if the fuel cell powering the orbiter “““ 
bus connected to the payload fails. (R-i) 

• Power is manually restored to the bus by 
the orbiter crew within a maximum of 
five minutes. 

( ) The nominal, or baseline fuel tanks complement Rockwell, 1980 (b): 


is three tank sets, and the corresponding 
nominal payload energy available is 40kwh 
for the standard payload user charge. 
Equivalent mission duration is about 6.8 
days. (R-l) 


• Duration is dependent on basic orbiter 
power requirements 

( ) As payload energy allocation is increased, 

mission duration declines to about 4.4 days 
if the payload uses 7 kw continuously (R-l) 


SSV80-1 


Additional cryo tank 
sets may be required 
for sufficient energy 
to construct large 
space structures (see 
Text). 


Rockwell, 1980 (b): 
SSV80-1 


Implies trade of energy 
/power usage vs mission 
duration 


Duration is dependent on basic orbiter 
power requirements 
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ENERGY AVAILABLE WITH THREE PRSD TANK SETS*: 23/0 kWh 
NOMINAL ASCENT, DESCENT I DISPERSION ENERGY REQO: 270 kWh 
NOMINAL ON-ORBIT ORB ITER ENERGY REQUIREO/DAV**: 300 kWh 
ENERGY AVAILABLE FROM EACH AOOITIONAL PRSD KIT: ' 840 kUh 

•AFTER ACCOUNT I HC f OR 94-HOUA CONTINGENCY RESERVES 
••SORT IE TYPE MISSION 


ENEACV AVAILABLE 
TO PAYLOAD(S) (kWh) 


KITS BELOW 
PAYLOAD BAY 


1500 U f * S0 * ,T NUHBEA 


NUHBEA OF PASO 
TANK SETS/C 
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PAYLOAD BAY 


BOTTOM OF 


PAYLOAD BAY 





TOP VIEW 


• BASELINE PASB 
TANKS () SITS) 
O ADDITIONAL 
TANK POSITIONS 


KIT WEIGHTS (LB) 


KIT NO. 

LANDED 

EXPENDED 

TOTAL 


1317 1803 


AVERAGE 

PAYLOAO(S) 

POWER 


ENERGY PAOVIOED TO PAVLOAO WITHOUT ADDITIONAL CHARGE (SO kWh) 







designed to accomodate kit one. The addition of tank set five and 
beyond will require new development. 

The number of tank sets that can be accomodated beneath the cargo bay 
is limited to five. However, current conceptual design studies suggest chat 
when more than four PRSD tank sets are needed, the additional sets should be 
placed in the cargo bay in clusters of up to four sets each. Penalties 
for this approach to energy extension include reduction of useful cargo bay 
length as well as ascent and descent payload weight and cost. 

Another concept for extending orbiter energy is through the addition 
of a solar array that can be deployed on-orbit to supplement fuel cell/PRSD 
delivery energy. Orbiter flight durations with such a system could exceed 
30 days, provided the mission is flown at high angles. The concept under 
study is called Power Extension Package (PEP). 

4.10.1 EPS - Fuel Cell Subsystem Schematic 

Three low-temperature fuel cell powerplants (FCP), generating power 
through the electrochemical reaction of hydrogen and oxygen, supply the 
primary in-flight electrical power used by the Shuttle. The fuel cell 
schematic is shown in Figure 4.10-3. Each powerplant is capable of 
providing direct current energy at 27.5 to 32.3 volts over a power range 
of 2 to 12 kilowatts. 

Heat generated by the electrochemical conversion of the reactants 
is removed from the FCP's by heat exchangers in the ECLSS. Potable water* 
produced by the reaction* is also used by the ECLSS. 

4.10.2 Power Re actant Storage and Distribution Subsystem 

The power reactant storage and distribution subsystem (PRSD) contains 
the components which supply oxygen and hydrogen to the fuel cell power- 
plants (FCP) and oxygen to the ECLSS during all mission phases. The 
Power Reactant Storage and Distribution Subsystem is shown in Figure 
4.10-4. The cryogenic reactants are stored in a supercritical condition 
in insulated double-walled tanks with a vacuum annulus. The PRSD supplies 
oxygen at a nominal pressure of 900 psia and hydrogen at 250 psia. in a 
single-phase gaseous state* to the FCP which regulates pressures to a 
normal range of 55 to 65 psia. Automatic controls, activated by pressure, 
energize internal tank heaters which add heat energy to the reactants 
to maintain pressure during depletion. The heaters are controlled by 
the instrumentation and control subassembly to provide equal depletion 
of the first and second oxygen and first and second hydrogen tanks. Each 
tank has relief valves to prevent overpressurization from abnormal operating 
conditions. 

Each tank has the following distribution components: a filter, check 
valve, solenoid valves, and relief valves that are mounted as modules on two 
panels adjacent to each tank. Redundancy is provided by having two components 
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for each major function or by providing manual override for the automatic 
controls. The distribution shutoff valves are arranged so that any tank 
can be used to feed any of the subsystems, or, in case of failure, can 
be isolated at the distribution manifolds. 

Approximately 276 pounds of hydrogen and 2343 pounds of oxygen are 
stored in the three sets (one hydrogen and one oxygen tank per set) of 
storage dewars. Each of the oxygen devars carries, in addition to the 
fuel cell energy requirement, 36 pounds of oxygen for the orbiter ECLSS. 
The tanks also carry a reserve for emergency requirements. 

4.11 SHUTTLE COMMUNICATIONS, TRACKING, AND DATA MANAGEMENT 

Voice, television, and data-handling capabilities of the Orbiter 
support onboard control of the payload, or, when desirable, remote control 
from the ground. The Orbiter communications and tracking subsystem 
provides links between the Orbiter and the payload. It also transfers 
payload telemetry, uplink data commands, and voice signals to and from 
the space networks. The provisions in the Orbiter for communications, 
tracking, and data management are flexible enough to accommodate most 
payloads . 


Links through the Orbiter are outlined in table 4.11-1. 

Table 4.11-1 


Orbitsr avionics strvicas to payloads 
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The data processing and software subsystem of the Orbiter, described 
further in Section 4,12, furnishes the onboard digital computation necessary 
to support payload management and handling. Functions in the computer are 
controlled by the mission specialist or a payload specialist through the 
main memory loads from the tape memory. The stations in the Orbiter aft 
flight deck for payload management and handling are equipped with data 
displays, CRT's, and keyboards for onboard monitoring and control of 
payload operations. 

4.11.1 Communications and Tracking Subsystem 

A schematic of the Communications and Tracking Subsystem is shown in 
Figure 4.11-1. On operational missions, the Communications and Tracking 
(C&T) Subsystem can perform the following functions. 

1. Selects and maintains operationally required RF communication 
links to support orbiter missions and processes and distributes 
command signals and data received for use by the supporting 
avionics • 

"2. Coherently returns RF communications link carriers for two-way 
doppler velocity tracking by ground stations, recovers received 
carrier signals for one-way doppler extraction, and provides a 
turnaround ranging tone modulation to the ground during ascent, 
reentry, and landing operations. 

3. Provides for location, operation, and interfacing of government- 
furnished equipment (GFE) decryptors and encryptors for processing 
(at voi-e and data from and to ground stations directly for DOD 
missions and (b) data received from and transmitted by detached 
DOD payloads. 

4. Generates RF NAVAID information and air traffic control (ATC) 
voice for atmospheric flight. 

5. Provides audio-voice communications among crew stations within 
the orbiter, to attached manned payloads via hardwire, to ground 
stations, and to manned released payloads via RF links. 

6. Generates, transmits, and distributes closed-circuit television 
(CCTV) and generates and transmits color TV or CCTV to the 
ground via the RF link. 

7. Acquires and tracks passive and cooperative targets for support- 
ing rendezvous. 

8. Acquires, tracks, receives data from, and transmits data to, NASA 
tracking and data relay satellites (TDRS). 
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4*11*2 Radio Frequencies 

Tha orbiter carries up to 23 antennas for connunication with ground 
stations, detached payloads, and crewmen undertaking extravehicular 
activities (EVA). Through these antennas, information is both transmitted 
and received at S-, Ku-, L-, C-, and P-band frequencies, see Table 4*11-2* 

Phase-modulated (PM) data can be transmitted to STDN or SCF ground 
stations on two S-band carrier frequencies. Two additional S-band 
carrier frequencies are employed for ground-to-orbiter transmission of 
FM data* In addition, frequency-modulated (FM) signals from the orbiter 
to ground go on an S-Band carrier, as does the FM data from the development 
flight instrumentation (DFI) carried aboard the Shuttle test flights. 
Multichannel two-way connunication between the orbiter and attached or 
detached payloads is accomplished within the S-band regime* The intell- 
igence carried on these channels includes scientific and engineering 
data, commands, digital voice, C4W and performance monitoring information, 
and video signals* 

The Ku-band link between ground stations and the orbiter via the 
tracking and data relay satellite system (TDRSS) carries the same kinds of 
intelligence as the S-band subsystem, but at wider bandwidths and higher 
data rates* The orbiter rendezvous radar and the microwave scan beam 
landing system (MSBLS) also work in the Ku-band. 

During orbiter approach and landing phases of a mission, standard 
L-band TACAN units will be employed, as well as C-band radar altimeters 
and P-band analog voice links for air traffic control (ATC)* EVA voice 
communications will also be at P-band frequencies. 

4.11*3 S-Band Information Transmission Combinations 


Various combinations of voice, commands, and telemetered data as 
shown in Table 4.11-3 can be sent to or from the orbiter over S-band 
transmission links* Phase-modulated (PM) signals, beamed directly to the 
orbiter from STDN or SCF stations or relayed through the TDRS, can be 
transmitted at two different bit rates* In the high bit-rate mode, two 
digital voice channels at 32 kbps per channel, and 8 kbps of command data, 
are interleaved into a 72-kbps digital data stream. The low Mt-rate mode 
consists of one 24 kbps digital voice channel plus the S kbps of command 
data. Transmission through the TDRS are convolutionally encoded and have 
a spread spectrum signal with a rate of 11*2 megachips. 

Two bit-rate modes are available for the transmission of PM carrier 
signals from the orbiter directly to SCF or STDN ground stations or by 
relay through the TDRS. The high bit-rate mode will accept two channels 
of digital voice at 32 kbps per channel, interleaved with 128 kbps of 
telemetered information to form a 192-kbps digital data stream. Up to 
64 kbps of the telemetry data can be from a payload. In the low bit- 
rate mode, one channel of digital voice plus 64 kbps of telemetry are inter- 
leaved for transmission* Transmissions through the TRDS are convolutionally 
coded* 
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Table 4.11-2 Radio Fiequencies 


FUNCTION/SYSTEM 

ORBITER TRANSMIT 

ORBITER RECEIVE 

STDN PM-1 

2287.5 MHz 

2106.4 MHz 

STDN PM-2 

2217.5 MHz 

2041.9 MHz 

STDN/FM 

2250.0 MHz 

NONE 

DFI FM 

2205.0 MHz 

NONE 

NASA PAYLOADS 

2025.0 TO 2120.0 MHz 

2202.5 TO 2297.7 MHz 

DOD PAYLOADS 

1760.0 TO 1843,0 MHz 

2202.5 TO 2297.7 MHz 

EVA COMMUNICATIONS 

296.8 MHz 

259.7 MHz 

RENDEZVOUS (RADAR) 

13.679 - 13.887 GHz 

13.679 - 13.887 GHz 

Ku-BAND COMM 

15.0034 GHz 

13.775 GHz 

RADAR ALTIMETERS 

4.3 GHz BAND 

4.3 GHz BAND 

TACAN 

1025 TO 1150 MHz 

962 TO 1213 MHz 

ATC VOICE 

296.8 MHz 

259.7 MHz 

MSBLS 

Ku-BAND 

Ku-BAND 








Table 4.11-3. S-Band Information Transmission Combinations (KBPS) 
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The orbiter can alao transmit frequency-modulated (FM) S-band signals 
directly to '‘ha ground. Payload and orbitar data with bandwidths up to 
4.5 MHz can b« transmitted to STDN stations. The data can include 
recorded voice, PCM and main angina data, real time CCTV, and digital or 
wideband analog data from payloads. On DOD missions, PM transmissions 
to SCF ground stations can consist of recorded voice and encrypted PCM 
data, 236 kbps of encrypted payload data, and unencrypted main engine 
data. 


The orbiter can transmit or relay a 2-kbps command signal to attached 
or detached NASA payloads. 

Commands to free-flying DOD payloads are sent at « 1 or 2 kilobaud 
rate by using a ternary frequency shift keyed (FSK), amplitude modulated 
signal. A 300 or 1000 Hz synchronization signal is provided as the ampli- 
tude modulated signal. 

Attached or detached payloads can transmit encrypted or unencrypted 
data to the orbiter. 

4.11.4* Ku-Band Radar/Communication Subsystem 

The orbiter Ku-band radar/cosnunication subsystem is packaged in two 
sets of assemblies. One set, Radar/Comm A, is carried aboard the orbiter 
as standard equipment. Radar /Com A consists of a deployable antenna 
assembly and an electrical assembly located in avionics Bay 3A. The 
antenna is mounted on the starboard payload bay door longeron at Station 
X 389. During ascent, the antenna is stowed in the space between the 
payload bay door radiator panels and the 13-foot-diameter payload bay 
clear volume. The antenna is deployed outboard of the orbiter mold line 
after the payload bay doors have been opened. See Section 4.4.1 for 
clearance envelopes. Figure 4.11-2 susaarizes key information concerning 
Ku-band antennas. Further discussion follows: 

In the radar mode, the Ku-band subsystem can detect, acquire, and 
automatically track at a range of 19 kilometerg passive targets with 
equivalent radar cross-sections of one square meter and Swerling Case 1 
scintillation characteristics. The maximum tracking range increases to 
360 kilometers whan the target is equipped with an appropriate beacon 
transponder. The radar can acquire a target in 60 seconds, or less, after 
being directed along the expected target vector, and can provide linc-of- 
sight (LOS) range to the target, range rate, angles relative to the orbiter 
rendezvous axis (-Z axis), and angle rates, from the maximum range down 
to a minimum range of 30 meters. 

The Comm A Ku-band conunications unit shares the radar antenna and 
pedestal. Two different modes are available for the tranmission of data 
to the ground through tracking and data relay satellites (TDRS) • In 
Mode 1, up to 30 megabits per second (mbps) of wideband data from an 
attached payload, plus up to 2 mbps of operational, stored, or experiment 
data, and 192 kbps operational data can be transmitted. Mode 2 
transmissions can consist of 4.3 mbps of analog (TV) data from either the 
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orbiter or An Attached payload, or 4 mbps of payload digital data, plus 
up to 2 nbps of scored or experiment data and 192 kbps of real-time 
operational data from the orbiter. The forward (ground-to-orbiter) 
link can carry 216 kbps of data, consisting of 72 kbps of operational 
d«ta for the orbiter, 128 kbps for the payload, and 16 kbps of overhead. 
The forward link can also have 72 kbps of encrypted data convolutionally 
coded at a 3 eiaea rate as a special mode of operation. 

If continuous Ku-band data transmission is required over more than 
40 percent of an orbiter orbit, then a second set of Ku-band consunication 
assemblies is required. This assembly kit (Comm 8) consists of a 
deployable antenna mounted on the port payload bay door longeron, plus 
electrical units housed in avionics Bay 38. This 263-pound kit is part 
of the payload weight allowance. With this kit, the orbiter can 
cocnunicate with both satellites, sequentially, without disrupting the 
flow of data during the satellite handover sequence. 


4.12 DATA PROCESSING AND SOFTWARE SUBSYSTEM 

The orbiter data processing and software subsystem (DP&S) provides data 
processing capabilities for guidance, navigation, and control (GN&C); communi- 
cations and cracking (C&T); displays and controls (D&C); system performance 
monitoring; payload management; payload handling; subsystem sequencing; and 
selected ground functions with sufficient provision so as not to limit the per- 
formance of the subsystems which it supports. The DP&S accepts Input commands 
and/or data from the craw, on-board sensors, and external sources; performs 
computations and processing; and generates output commands and dat«i as necessary 
to accomplish the requirements specified for GN&C, C&T, D&C, instrumentation, 
electrical power distribution and control, computers, performance monitor func- 
tion, and payload handling and management* A schematic of the subsystem 1» 
shown in Figure 4.12-1, 
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The DP&S equipment configuration is organized around a computer complex 
consisting of five general-purpose computers which are Interconnected so that 
they may be operated in redundant groups for critical services. Memory capacity 
of each computer is 104,000 thirty- two bit words. Additional storage of pro- 
grams and fixed data ia provided by two mass memory units having a data capcity 
of 134 megabits each. 

Data trar*fer between the computer complex and data users employs a data 
bus network composed of serial, half-duplex data channels operating at one 
megabit per second. 

Interface adaptation between the data bus network and the orblter subsys- 
tems is accomplished by multiplexer /demultiplexer (MDM) units. These units 
provide signal conversion capability, digital-to-analog as well as analog-to- 
digital, in addition to the multiplexing/demultiplexing function. 

Engine Interface units provide operational control of the main engines 
from GN&C commands or, during ground checkout, via ground checkout MDM's, and 
provide response data back to the GN&C. The units also provide main engine 
data for recording, telmetry, or GSE. 

4.12.1 Caution and Warning 

The key constraint in regard to caution and warning (C&U) concepts for 
large space structures is that items which affect orblter safety must Interface 
with the orblter computer, as well as provide signals to the crew. 

The baseline C&W and performance monitoring interface beween a payload and 
the orblter is described in Figure 4.12-2. Further descriptive material is pro- 
vided below from Rockwell (1960 b). "Up to five warning parameters are hardwired 
from sensors on board the attached payloads to the orblter C&W electronics. 
Movement of any of these parameters outside the limits pre-set in the C&W elec- 
tronics will activate the master alarm tone, master alarm lights (4), and the 
payload warning annunciator on the C&W annunciator matrix. Up to 50 caution 
parameters (25 each, analog and digital) are hardwired to an MDM for limit 
sensing by a general-purpose computer (GPC) . Up to five hardwire and up to 
36 computer-controlled safing commands are provided to safe payload components." 
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"Detection by the general -purpose computer (GPC) of the violation of a pre- 
set limit for any of the SO parameters will result in the Issuance of a discrete 
output to the orblter C&W electronics. Detection of the presence of the GPC- 
lssued discrete signal will activate the master alarm tone, master alarm lights 
(4) , and the payload caution annunciator on the C&W annunciator matrix. Data 
on these same parameters form part of the digital data stream from the payload 
to the orblter performance monitoring function (PMF). Detected out-of-tolerance 
conditions will cause the backup caution and warning annunciator to illuminate. 
Potentially hazardous conditions in the attached payload should be evident from 
both the hardwlred/softvare C&W parameters and the backup from the PMF; i.e., 
both the dedicated C&W annunciator and the backup annunciator will illuminate. 

Health and status information from additional payload sensors can also form a 
part of the telemetry data stream to the orblter PMF. Unfavorable conditions 
appearing in any of these housekeeping data are signaled by an illumination of 
the system management (SM) indicator. The C&W tones, from the audio central 
control unit (ACCU) , and the master alarm visual annunciator, via a switch 
closure, can be made available to an attached, manned payload. The PMF can 
also be employed to monitor the status of detached payloads." 

"The capability for in-flight re^ct of a trip threshold for any hardwired 
C&W parameter is provided at the mission specialist station (MSS) using the C&W 
status board. A similar capability for the software backup is provided at the 
multifunctional cathode ray tube display system (MCDS) . Payload C&W shall be 
limited to out-of-tolerance measurements which may, if uncorrected, lead to the 
loss of the orblter vehicle and/or crew. Those payload parameters that cannot 
have an impact upon the orblter or crew, even though the effect may result in 
compromising the payload, are not presently candidates for the orblter C&W 
system." 


4.12.2 Software Interfacing Concept 

Development of software concepts for interfacing large structures to the 
orblter has Just entered the conceptual stage. However, a few guidelines have 
been suggested by inferences derived from other payload integration studies. 
These preliminary general guidelines are listed in Table 4.12-1. 
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Table 4.12-1. Checklist: Guidelines for C&DH Software 


{ ) GUIDELINES/* QUALIFICATIONS 

( ) A principal criterion for development of 

payload software is to design for a central C&DH 
computer which handles all routine construction/ 
payload ope rat ions /housekeeping functions, and 
works with orbiter or other computers to the minimum 
degree feasible when the orbiter is berthed to the 
large space structure. (R-4) 


( ) The principal construction/project or orbiter 

computer should act as a "traffic cop" for complex 
project/payload systems which have their own mini- 
computers* (R-4) 

( ) Interdependence of software between orbiter 

and construction/operation of large space structures 
should be minimized to avoid costs of changes in 
the orbiter software. (R-4) 



Affects design of 
lectronic data hand- 
ling systems and 
software development 
for large space 
structure construction 
and operations. 
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4.13 ORB ITER THERMAL REQUIREMENTS AND ENVIRONMENTS 


The Shuttle orblter requires an effective heat rejection capability in 
order to generate electrical power and possibly to dissipate payload heat. 

The primary path for heat rejection while on orbit is by way of the radiators 
mounted on the inner surface of the payload bay doors, as illustrated in 
Figure 4.13-1. The figure also shows a simplified radiator subsystem schem- 
atic. Unfortunately, the most readily reachable and visible volumes for space 
construction are right above the radiators, where significant blockage of the 
heat radiation is a potential problem. Therefore, the designer of large space 
structures must evaluate the possible loss in orblter heat rejection capability 
due to the large space structure and determine if other means for heat rejec- 
tion must be Introduced. Possible examples of other means for heat rejection 
could be water boiling (a weight penalty) or auxiliary, separate radiators on 
payloads with consequent significant design, integration, and weight Impacts 
on the construction project. 

Another related consideration is the orbiter/construction orientation 
with respect to the earth, sun, and deep space. Obviously, if the radiators 
can be facing space rather than earth, they are more effective as heat 
rejectors. However, this requirement may conflict with other orientation 
requirements discussed in Section 4.2. 

Table 4.13-1 summarizes the heat rejection capability available to pay- 
loads, as described in the STS User Handbook (NASA 1977 (a)). 

Note that prelaunch and post-landing thermal control is provided by ground 
support systems. The payload heat exchanger is designed so either water or 
Freon 21 can be selected as a cooling fluid, according to the needs of the pay- 
load. The payload side of the heat exchanger has two coolant passages; either 
or both can be used. Coolant is provided to the payload at 40° to 45°F (278 
to 280 K). Fluid circulation through the payload side of the heat exchanger 
must be supplied as part of the payload. A water flash evaporator is used to 
supplement the radiator cooling capacity. During ascent and descent, when the 
cargo bay doors are closed and the radiators are ineffective, cooling Is pro- 
vided by the water boilers at altitudes above 140,000 ft. During orblter 
entry and post-landing, orblter cooling requirements below 100,000 ft altitude 
are satisfied by an ammonia boiler until GSE cooling is connected. 

The orbiter also provides 48 ftVmin of conditioned air for removal of 
metabolic sensible and latent heat and CO 2 of four crew members while working 
in a manned payload module. 

A portion of the orbiter cabin heat load may be contributed by payload- 
supplied displays and controls mounted on the port side (as shown in Figure 
3.2-4). Such heat rejection is accomplished by drawing cabin air through the 
avionics boxes. This heat rejection capability at the payload station is 
limited to a maximum of 750 W (2560 Btu/hr) average, and 1000 W (3413 Btu/hr) 
peak for 15 minutes once every three hours. 

Table 4.13-2 summarizes the above concerns in terms of general payload 
heat rejection capabilities and guidelines. The following discussion presents 
some representative magnitudes of heat rejection due to blockage of structures 
above the payload bay. 
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Table 4.13-1. Payload Heat Rejection Available 



Capability (kW) 



Aft 

Cargo 


Flight Phases 

Flight Deck 

Bay 

Description 

Prelaunch, ascent. 

n 

1.52 

Average 

descent, post- 1 and 1 ng 


NA 

2-»in peak 

(cargo bay doors closed) 

HH 



On orbit without radiator kit 

0.75 

5.90 

Average 

(cargo bay doors open) 

1.00 

5.65 

Peak for 15 min each 3 hr 


0.35 

6. 30 

Minimum for aft flight deck, maximum 




for cargo bay 

On orbit with radiator kit 

0.75 

8. 10 

Average 

(cargo bay doors open) 

1.00 

7.85 

Peak for 15 min each 3 hr 


0.35 

8. 50 

Minimum for aft flight deck, maximum 




for cargo bay 
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4.13.1 Lott in Orb iff Radiator Heat Rejection caused by Construction 
Abovt Payload Bty 

Tht following It « summary of analyses performed by Jellnck 1977 (b) Co 
determine the lost In orblter heat rejection capability due to construction 
above the payload bay and radiator. A set of preliminary curves were plotted 
to give the designer a feel for the Impact of positioning beams or platforms 
above the payload bay In the process of construction. The curves Included the 
shape of a rectangle going from an aspect ratio of 1, 5, 10 to 100. This 
rectangular shape should simulate a range of objects from platforms to long, 
narrow beams. Other variables Included In the curves were the distance from the 
orblter to the beam, the beam's emissivity, and Its temperature. No attempt was 
made to evaluate the Integrated effact of the space construction as a matrix of 
beams at this time, but to consider the construction as separate rectangels. To 
use this Information, it would be necessary to evaluate the largest beams separ- 
ately and total their individual effects or to assume a conglomerate area approx- 
imating the integrated effect. 

Radiation 


The net radiation heat transfer from the orblter radiator is the heat rad- 
iated by the radiator less than the total heat absorbed. 

N 

A^* 0 i OT i * a i ^ ae j F AiAj V (4.13-1)* 

j-1 

The total heat absorbed is the second term in the equation and represents 
all heat radiated from all surrounding surfaces such as the beams, platforms, 
solar arrays, and modules plus the direct solar radiation, earth albedo, and 
earth emtsaion. Equation (4.13-1) is a simplified version that aasumes that 
there are no reflections between surfaces. This condition would exist for a 
black body surface that radiates as a perfectly diffuse surface. The surfaces 
emit equally in all directions but do not reflect at all. This assumption 
simplifies the calculations and reduces the effort to obtain an early solution. 
The solution will be on the conservative side of the more exact solution assum- 
ing reflecting surfaces requiring a matrix solution of the multiple reflections. 

Form Factors 


The form factor is normally calculated from the representation of surfaces 
in Figure 4.13-2. 


f aa "r 

ij A i 


cos cos Q-j d A^ d Aj 


(4.13-2) 


tr 


A i A j 


ij 


*Nomenclature for this analysis is contained in Table 4.13-3. 
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Tabic 4.13-3. Thermal Analysis Nomenclature 


Symbol 


Subscripts 


a 

Beam length, ft 

A 

Orbiter radiator 

A 

Area, ft 2 

B 

Beam rectangle 

b 

Beam width, ft 

1 

First surface 

F 

Geometric form factor 

J 

Second surface 

l, l 

Length, ft 



Q 

Total heat transfer, Btu/hr 



R 

Aspect ratio, a/b 



t 

Temperature, degrees Fahrenheit 



T 

Temperature, degrees Ranklne 



X.Y.2 

Rectangular coordinates 



Greek 




Symbol 




a 

Absorptivity to radiation 



£ 

Emlssivlty 



a 

Modified Stefan-Boltzmann constant 

, 0.1713 Btu/(hr*f t**R ) 

9 

Angle, degrees 



n 

Normal to surface 





Figure 4.13-2. Surface Representation Factors 


9 





Here and Hi arc line* normal to surfaces dAi and dAj . The analysis was 
accomplished uiing a computer program based on a Stoke’s theorem translation 
of the view factor area integral. Equation (4.13-2), to an equivalent .ontou 
integral. Data input for the program requires values for the X, Y, and 
coordinates of the surfaces. 


X, Y, Z Coordinates 
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of a rectangle by using ths upset ratio of length to width (R • a/b) . Given 
a value of area and upset ratio, the dimension* of tha rectangle are: 

a - /U 

b » /a/R 

The coordinatu of aru B can than be calculated with the equations for points 
1, 2, 3, and 4, as listed in Table 4.13-4. 

Table 4.13-4. Equations for Calculating 
Boundary Points of Blocking Surface 


Point No. 

X 

Y 

Z 

1 

100-L 

200 + a/2 

100 ♦ Z' - b/2 

2 

100-1 

200 - a/2 

100 ♦ Z’ - b/2 

3 

100-L 

200 - a/2 

100 + Z’ ♦ b/2 

4 

100-L 

200 ♦ a/2 

100 + Z' + b/2 


To keep the problem simple, the value of 2' wu chosen at the center of the 
payload bay, so Z* • 30.43 ft. 

Loss in Heat Rejection 

The X, Y, and Z coordinates were calculated using the computer program. 

Thus points were then entered Into the form factor program and the results 
are eh own in Table 4.13-3 as functions of area, aspect ratio, and distance to 
orblter radiator. The loss in heat rejection capability was calculated from the 
second part of Equation (4.13-1) and che results listed In Table 4.13-6 for 
various valuu of construction temperature and emisslvity. The results are 
shown plotted in Figure 4.13-4 for parameters of area, aspect ratio, emisslvity 
of construction and its temperature for a distance of L • 25 ft. The form 
factors of Fa_jj were calculated for distances of L - 10, 25, and 50 ft in 
Figure 4.13-5. These charts may then be applied to Figure 4.13-4 to determine 
the loss in orblter hut rejection. 

To determine the temperature of the space structure, an approximation may 
be made by using Figure 4.13-6 which wu copied from Jelinek(1977 (a)). It wu 
designed to give the maximum temperature with known values for emisslvity 
rear, solar absorptivity rear, solar absorptivity front, and emisslvity front. 
Most space construction will probably be In the range of 50 to 100*F. 

Figure 4.13-6 is also applicable to "blankets" or solar arrays which may be 
mounted on large space structuru. 

The orblter radiator heat rejection capabilities are shown in Figure 1 . 13-7 
for three attitudes in earth orbit. Data originally appeared in Jaax ( 1977 ). 

The curvu did not include any estimated losses for solar arrays or ocher objects 
near by. The space construction heat losses may then be subtracted from the 
orblter heat rejection capability tc determine the net capability due to space 
construction. Heat rejection for other orblter attltudu may be found in 
reference NASA (1977 (a))» 
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Table 4.13-5. Geometric Form Fectora from Orbiter Radiator 
to a Rectangular Shaped Construction Element 


l ■ 5 (FT) 


9 

0. 1845 
0.0449 


0.6691 

0.3734 

0.2460 

0.0560 


L • 10 

l • 25 

l • 50 

0.0224 

0.0293 

0.0336 

o.oiei 

0 

*4 

0 

0 

.0213 

.0214 
.0212 
.0' 34 

0.0096 

0.0055 

0.0093 

0.0071 


0.3396 

0.2394 

0.1864 

0.0582 


0.5169 


0.0714 


0.2007 
0. 1690 
0.1337 
0.0455 


0.2866 
0 2212 
0. 1683 
0.0556 


0.0900 


0.1302 

C.II23 


Table 4.13-6. Loss in Orbiter Radiator Capacity due to 
Construction above Radiator 


e A oiTg/lOO)' 1 A a 


150 

20 1 , 995 

too 

143,474 

50 

98,697 

0 

65,321 

-50 

41.225 

-150 

24,504 


0 LOSS - Ul.ll) 


to . ioo 

30,299 

50,499 

70,699 


«k | • 

1C,!C6 

14.4:9 


C A • 0.76 * A 1,120.6 *t : 
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AREA, (H l ) HEAT LOSS, (BTU/^R) 


100,000 





Q «IA«. •tu/(mi-h 2 ) 



Figure <.13-5. 


Maximum Structure Temperature 




HEAT REJECTION (1000 BTU/HR) 


1 20 1 — 
100 - 
80 - 



BOTTOM TO SUN 



Figure 


4.11-6. Orbller Radiator Capability In Solar Inertial Attitudes 


Th« traditional mat hod of plotting from faccors from a point to a ractangle 
uses ratios of aach dimansion of tha ractangla to tha distance from the point 
such as a/L and b/L. This procadura generally covers all values of tha length, 

L, and the form factors ara the same as long as tha ratios are tha same. This 
reduces the number of curves required. In the case of tha radiator or rectangle- 
to-recfangle the form factors are not the same for different values of length, 

L, when the ratios of a/L or b/L are the same; therefore, it required separate 
curves for different values of length, L. 

4.13.2 Thermal Environment Effects 


In addition to the foregoing major concerns regarding heat rejection cap- 
ability of the orblter, there are secondary concerns Involving effects of the 
rejected heat, reflections and shadowing by the orblter. These are briefly 
noted in Table 4.13-7. For the most part, the potential impacts of these con- 
straints are not yet defined, and will be different for each specific large 
space structure design. Analysis is recommended for each case. 


Table 4.13-7. Checklist: Additional Orblter Thermal Constraints affecting 

Large Space Structures Design 


( ) CONSTRAINTS/ ‘QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) The orblter payload bay has moderately 

Rockwell, 1979 (a): 

Specular, curved surfaces which can concentrate 

SSD 79-0123 

solar energy on structures and equipment stowed in 


the bay when facing the sun. (R-l) 

Affects insulation. 

• See Tables 4.13-8 and 4.13-9 for represent- 

materials, coatings, 
thermal conditioning 
provisions and attl- 

aclve examples. 

tude control during 

construction. 

* Analysis is recommended for specific cases. 


( ) The orblter can experience shadow in the 

* Cold-soak worst- 

payload bay and affect portions of large space 

case design 

structures during orbital operations. (R-l) 

conditions 


• Potential distor- 

* See Tables 4.13-8 and 4.13-9 for examples. 

tion due to local 

• Analysis is recommended to determine possible 

cooling on sunlit 
side of orbit. 

range of structural distortions. 
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Table 4.13-7. Checkllac: Additional Orbiter Thermal Constraints affecting 

Large Space Structures Design (Coot.) 
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ORIGINAL PAGE IS 
OF POOR QUALITY 


Table 4.13-8. Typical Temperatures at End of Six-Hour Hold, 
Payload Bay Doors Open 


0 ilN 



Data Point Location 


Payload Bay Wall (Liner) , Xq 582 to 760 

Left side, near longeron 
Bottom, left side 
Bottom, right aide 
Bight side, near longeron 


Longeron, Xq 382 to 760 

Left 

Right 


Radiator, Xo 582 to 760 

Left 

Right 


Orbitar Exterior Surfaces 
Left Side 

Xo 400 to 376, 2 q > 400 
Xo 400 to 576, Zo < 400 
Xo 576 to 760 

Right Side 

Xo 400 to 376, Zo > 400 
Xo 400 to 576, Zo < 400 
Xq 576 to 760 


Predicted Temperature (degrees F)* 

Bottom 
eo Sun 

Top 
to Sun 

Left Side 
to Sun 

Tail 
to Sun 




(-> 43 

<-) 47 

<-) 25 


^Analytical tolerance for all temperatures is plus or minus 30 degrees F. 


(-) 

33 

(-) 

53 

(-) 

77 

(-) 

77 

(-) 

99 

(-) 

65 

(-) 

31 

(-) 

49 

(-) 

65 

(-) 

31 
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Table 4.13-9. Typical Temperatures at End of 80-Hour Solar 
Inertial Hold, Payload Bay Doors Open 


TOP TO SUM 



LETT SIDE TO SUN 
Tn’idr 



Predicted Temperature (degrees 


Data Point Location 


Payload Bay Wall (Liner), Xq 382 to 760 

Left aide, near longeron 
Bottoa, left side 
Bottom, right side 
Bight side, near longeron 


Longeron, Xq 382 to 760 

Left 

Bight 


Radiator, Xq 382 to 760 

Left 

Bight 


Orbitar Exterior Surfaces 
Left side 

Xo 400 to 376, Zo > 400 
Xo 400 to 576, Zo < 400 
Xq 376 to 760 


Bottom 
to Sun 


Top 
to Sun 


Left Side 
to Sun 


Tail 
to Sun 




<-> 62 
<-> 41 

113 


Bight aide 


Xo 400 to 376, Zq > 400 
Xq 400 eo 576, Zq < 400 
Xo 376 to 7*0 



29 

(-) 11 

82 


28 

(-) 10 
83 


(-) 

19 

55 

(-) 
! <-) 

33 

35 


1 

(-> 

47 

(-) 

50 

(-) 

47 


94 

i 

(-) 

i / 


109 

(-) 

68 


96 

(-) 

sa 

<-) 

77 

<-) 

77 

(-) 

77 

(-) 

48 

(-) 

53 

(-) 

58 


•Analytical tolerance for all temperatures is plus or minus 30 degrees T . 
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SOLAR REFLECTI VITY 

• SUNLIGHT CONCENTRATION BY PAYLOAD BAY DOORS 



Figure 4.13-7. Example of Poaaible Solar Energy Concentration by 
Radiatora on Cargo Bay Doors 


4.14 ORBITER CONTAMINANT ENVIRONMENTS 

The Shuttle orbiter can constrain cleanliness of the local (on-orbit) 
environment due to its effluents. In addition, certain effluents or contin- 
gency spillage concerns of fuels or materials used in space transportation 
might create hazards to EVA or other orbiter operations. Both aspects are 
described in the following sections. 

4.14.1 Orbiter Effluents 

Normal on-orbit operations with the Shuttle orbiter are accompanied by 
various trace effluents of gases from the orbiter materials, cabin leakage, 
orbiter RCS, and flash evaporator. These effluents are summarized in 
Table 4.14-1, in terms of predicted column density and return flux (per 
NASA 1977 (a) STS User Handbook). See Section 4.1.6 for RCS plume effluents 
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Table 4.14-1. Predicted Column Density and Return Flux 


1 


Source 

Number aokimn eemity, 
molecular/ cm* 

Saturn flux, 
malcculea/cm*/iec 

OutfCNint 

WanStS) 

< to'* attar 10 hr 

< 10’* 

Vamiar ACS 

(a) 

tbl* 

Aft -Z 

AN V 

Software X/Z 

Vatuaa at 303 n. mi. <430 km) 

AN Z 

ANY 

Software V/Z 

4.4 X 10 14 

1.0 x 10 14 

2.0 x to’ 4 

• 1 x 10’* 

10 x 10’* 
7.7 x 10’* 

TAX tO 1 * 
13 X 10 1 * 

14 x 10 1 * 
1.4 X 10’* 

8A x 10 10 
4.0 x 10 1 * 

ftaahanap orator 

to) 

tb) 


00 X 10’* 

as x to’ 2 


370 tun). (700 km) 

238 n. mi. <430 km) 

100 n. mt. <200 xml 

8.4 x 10* 
8.0 x 10* 

2.e x to’* 
2.4 x 10’° 

■IBM 

MuXSM 

jam 


2.2 X 10’* 
19 x 10’* 


14 X 10’° 
7J0 x 10’° 

17 X to” 
0.0 x 10” 

1JX 10’* 
31 x 10’* 


*Z«ro e r e N ne a* (tn tha dwactton) o r »a»w o c»c m 1107. 

**50* oHaftZ NNvdi-Xg Itometfl oNsmatino at Xq 1107. 

4.14.2 Contaminant Control Options 

Contamination control systems, as well as various techniques to elimin- 
ate or minimize contamination, are provided by the orbiter design and standard 
flight plans. The sensitivity of most payloads to contamination is recognized 
and each mission can be tailored to meet specific requirements. Before lift- 
off and after landing, the cargo bay is purged and conditioned as specified in 
the description of thermal controls. At launch and during early ascent, the 
cargo bay vents are left closed to prevent exhaust products and debris from 
'entering the bay. During final ascent and through orbit insertion, the cargo 
bay is depressurized and the payload is generally not subjected to contamin- 
ants. 


The payload vent sequencing is shown in Section 2.6. During deorblt and 
descent, the cargo bay vents are closed to minimize ingestion of contaminants 
created by the orbiter systems. During the final phase of reentry, the vents 
must be opened to repressurize the orbiter. To help prevent contamination 
during this phase, the vents are located where the possibility of ingestion is 
minimal.* 

At this stage in development of large space structures concepts, there 
are very few recognized concerns for contamination. Exceptions may apply to 
specific sensors attached to large structures during the process of construc- 
tion and checkout /maintenance. However, the subject does not yet warrant 
detailed definition of orbiter constraints, in the context of this document. 


*Data Source — NASA 1977(a): STS User Handbook 
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5.0 CREW PRODUCTIVITY AND SAFETY CONSIDERATIONS 


Th« contrast to tha foregoing relatively independently considered specific 
hardware and related operations for payload handling, crew operations oust con- 
sider elapsed time throughout an entire mission. For example, crew sleeping 
and eating periods normally must be introduced at certain intervals, starting 
from preparations for boarding tha orbiter on the ground. Otherwise, per- 
formance may degrada and costly errors may be committed. Crew operations 
throughout the mission are here considered as a whole, rather than allocating 
such considerations into the foregoing sections (2.0, 3.0, and 4.0). It is 
recognized that some aspects of crew accommodations are specifically related 
to mission phase. A major example is the location of seating provisions. 

Seats are attached in place on the deck (aft flight deck or mid-deck) for 
ascent and descent, but they are taken up and stowed during orbital operations. 
Conversely, the on-orbit station is not operated at all during ascent or descent. 
The following discussion separately considers crew accomodations, work/rest 
cycles, and orbiter housekeeping requirements. 1 

5.1 CREW CABIN ACCOMMODATIONS AND SUPPLIES 

The orbiter crew accommodations constraints which affect design of large 
space structures in a major way relate primarily to the configuration of the 
aft flight deck, the airlock, the sleeping space allocations, and the overall 
size of the habitable volume. 

The aft flight deck configuration limits viewing of large space operations 
as shown in Section 4.9.6, and effectively limits the number of usable crew 
stations to four as shown in Figure 5.1-1 (upper right). Of the four stations, 
the two on the starboard side are largely dedicated to flight phases (ascent, 
rendezvous, docking/berthing, and descent). Those on the port side are most 
useful in space construction and other operations related to payloads. Figure 
5.1-2 depicts the baseline configuration of the aft flight deck for on-orbit 
operations (seats removed). 

The mission station is located aft of the pilot's station on the starboard 
side. This station contains the displays and controls required to manage 
orbiter-to-payload Interfaces and payload subsystems that are critical to the 
safety of the orbiter. An auxiliary caution and warning (C&W) display is pro- 
vided at this station to detect and alert the crew in cases of critical malfunc- 
tions, in the payload system. The station provides for on-orbit housekeeping 
functions and for the management of nonf light-critical orbiter subsystems 
functions, which do not require lsmedlate access. All coutrols are hardwired, 
as are the critical payload measurements for display and C&W. A CRT display 
and keyboard are located at this station for monitoring payload interfaces and 
for orbiter subsystem performance monitoring. Payload conditions critical dur- 
ing ascent and entry can also be displayed at Che forward flight stations via 
C&W and CRT displays. 

< "5St ion : Not a controlled document' See appropriate reference 
documents for current data." 
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Th« rendezvous end docking portion of the on-orbit station contains the 
displays and controls required to execute arbiter attitude/translation maneuvers 
for terminal-phase rendezvous and docking. Rendezvous radar controls and dis- 
plays and cross-pointer displays of pitch and roll angles and rates are provided 
at this station, as well as rotation and translation hand controllers, flight 
control mode switches, and attitude direction indicators. 

The payload handling portion of the on-orbit station contains those dis- 
plays and controls required to manipulate, deploy, release, and capture pay- 
leads. Displays and controls are provided at this station to open and close 
payload bay doors; deploy radiators; deploy, operate, and stow the payload 
manipulator arm; and operate payload-bay-mounted lights and TV cameras. Two 
closed-circuit TV monitors display the payload bay video pictures of payload 
manipulation operations . 

The payload station is located aft of the commander's station on the port 
side. This Incorporates standardized provisions for installation of payload- 
unique GFR displays and controls required for monitoring and operating the 
various payloads. A CRT display and associated keyboard may be added, as an 
optional provision, for communication with payloads via the orblter data 
processing subsystem. Standardized electrical interfaces are provided for 
payload power, monitoring, command, and control. 

Note that the on-orbit station really consists of two crew stations: 

(1) one for rendezvous and docking, and (2) the other for payload handling 
(RMS control). The latter is of major interest for operations related to 
large space structures. Figure 3.1-3 illustrates the key crew working posi- 
tions for design of these stations. A significant concern of these stations 
is that when crew members are using the RMS controllers or orblter controllers 
and COAS, they are closely constrained in body position and, thus, in range 
of vision through the windows. 

Figure 3.1-4 illustrates the proximity of the payload specialist station 
to the payload handier. In fact, these stations are so close that each crew 
person must watsli for the others' movements to avoid interference. In some 
space construction operations it is likely that both these stations will be 
controlled by one operator on an alternating basis. Some changes in body 
restraints may be required to enhance this capability. 

Figure 5.1-1 shows the locations for seating during launch and entry and 
the nominal four sleep stations for on-orbit operations (lover left and right, 
respectively). Also shown is the internally located airlock which appears 
most likely to be used in conjunction with construction of large space struc- 
tures. Figure 5.1-5 illustrates nominal eating space for four crew members 
on the mid -deck. 

Table 5.1-1 sunmarlzes key constraints related to crew accommodations, 
crew equipment and supplies stowage, which may Impact operations involving 
large space structures. Of particular concern are weight and volume of crew 
supplies, and stowage for addltonal EMU's (space suits — for EVA). Stowage for 
additional seats, suits, and other gear must compete for space with food, 
personal supplies, LiOH, and other crew needs. Stowage volume usage should 
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Figure 5.1-4. Workspace useil for Aft Flight Deck 
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Table 5.1-1. Checklist: Constraints on Crew Operations 

Related to Crew Cabin Accomodations and Supplies 


{ 


( ) CONSTRAINTS / » QUALIFICATIONS 

( ) For normal operations* crew cabin seating 

is limited to seven (7) persons. (R-l) 

« Three additional seats may be added 
(primarily intended for contingency 
rescue modes* since the usual four 
sleep stations are pre-empted) 

« See Figure 5.1-1 lower left 


( ) For normal operations* crew sleeping 

accommodations are limited to four 
spaces* (R-l) 

• Additional spaces for sleeping bags 
may be available 

( ) Space suit (EMD) stowage is normally 

limited to two suits* located in the 
airlock. Additional space suit stowage 
volumes are not defined (R-l) 

• For particular missions* special 
stowage provisions may be provided 

as payload chargeable special equipment 
(e.g«, in sleep station volume during 
launch and entry (TBD) (R-4) 

• See also Section 4 *8 .1.1 


( ) The airlock can accommodate a limit of 

two crew during one depressurization 
on repressurization period (R-l) 

• Following egress of two crew* two 
crew on outside may ingress and 
repressurize airlock. A third set 
of two crew may later don suits and 
egress. Timeline constraints for such 
operations are (TBD). 


REFERENCES 
I HPL I CAT IONS 

Rockwell, 1980 (b): 
SSV80-1 

Constrains number 
of crew available 
for construction. 


Rockwell, 1980 (b): 
SSV 80-1 


NASA 1980 (a) : 
JSC-07200. Vol. XIV 

Impacts consideration 
of additional EVA 
capability (over two 
crew). 


NASA, 1980 (a): 


Impacts number of 
crew which can exit 
to EVA work 
simultaneously: 
affects crew work 
rest cycles* work 
schedules. 
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Table 5.1-1 (continued) Checklist: 


( ) CONSTRAINTS /* QUALIFICATIONS 

REFERENCES 

IMPLICATIONS 

( ) Stowage volume for crew personal equipment 

& supplies is limited to approximately 
(TBD) cubic feet. (R-4) 

• Trades of time on orbit, equipment 
volume requirement and operational 
capabilities must be performed to 
determine optimum balance. 

• 

• 
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be considered for the orbiter cabin as a whole, and is negotiated for each 
flight. Although crew cabin storage volume may be a small portion of the 
total payload carried for space construction missions, it is possible that 
this volume could effectively limit tolerable time for habitation on orbit 
and/or the number of crew who can be effectively and safely utilized for on- 
orbit operations. 

5.2 CREW WORK/REST CYCLE CONSTRAINTS 

Table 5.2-1 lists selected constraints on crew work/rest cycles which 
impact space construction and operations related to large space structures. 

A key concern in setting up crew work/rest cycles is the question of 
adjustment of sleep periods. Pertinent considerations are described in the 
three paragraphs below, largely quoted from JSC-10541 (Freeman and Scales, 
1978). 


"Normally, each crew member will simultaneously be scheduled 8 hours of 
sleep following a 16-hour awake period. This 8-hour sleep period may require 
adjusting in real time. Four sleep stations are located in the mid-deck area 

For operational flights, rigid sleep stations will be available." 

(Sleeping bags may be considered for special flight modes, if required, to 
permit additional stowage. ) (R-4) . 

"Each crew member will wear ear muffs while sleeping to provide noise 
attenuation. If all crew members are sleeping simultaneously, at least one 
crew member must wear a Comm Carrier Assembly connected to a mid-deck comm 
outlet to assure reception of ground calls and caution and warning alarms. 
Another crew member will wear a dedicated headset for caution and warning 
(only has audio capability). 

"The sleep period should be scheduled every day to start at the same local 
time. Variations should be limited to 2 hours dally for circadian rhythm pur- 
poses. The entry day should be limited in duration from 6 hours minimum to 
12 hours maximum. This provides time to perform the deorbit preparation and 
limits the maximum duration to ensure an alert crew for entry. Therefore, the 
initiation of the sleep period is generally dictated by the landing time of 
the flight." 

Another major concern in crew scheduling involves the question of number 
of shifts and their overlap during a crew work day. In general, space vehicle 
crews have preferred to sleep simultaneously in order to minimize disturbances 
in the relatively small volume of the crew cabin. The orbiter situation may 
be better — but not much different. However, enhancing space construction 
productivity tends to favor multi-shift operations (Roebuck, 1980). Therefore, 
it is expected that efforts will continue to find ways to minimize sleep dis- 
turbances of light, sound, motion, etc., by non-sleeping crew members. Sug- 
gested timelines for one-shift and two-shift operations with up to four crew 
members are described by Freeman and Scales (1978). 

When there are more than four crew members on a flight, two-shift (or 
more) operations must be scheduled, since there are only four sleep stations 
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Table 5.2-1. Checklist: Constraints on Crew Work-Rest 

Cycles Affecting Large Space Structures 


( ) CONSTRAINTS /• QUALIFICATIONS 


< ) For pressure suit operations at 4-psi, 

prebreathing of 100Z 0^ shall be required 

for three hours prior to egress (R-l) 

• See Section 4.8.4 

( ) For pressure suit operations at 8-psi 

(or approximately half the cabin 
atmosphere pressure) prebreathing of 
100Z 0 2 is not required. (R-4) 

• 8-psi suits are not currently available. 
Research and development studies are 
continuing toward that goal. 

( ) Crew members required to prebreath oxygen 

will be supplied with walk-around oxygen 
equipment permitting voi.ce connunication 
and minimal interference with orbiter 
housekeeping duties. IVA operations of 
RMS or control/display panels can be 
performed while prebreathing. (R-l) 


IMPLICATIONS 


NASA 1976 (a): 
JSC-10615 


Roebuck. 1980 


Roebuck, 1980 


( ) For long term space operations, the 

nominal crew work day is ten hours (R-l) 

• For short-term ( 1-3 days) operations 

up to 11 hours per day may be acceptable 

• Crew metabolic rates should be considered 

• EMU donning and doffing are included 
in the above work day period. 

( ) Space suit (EMU) donning and doffing require 

approximately 5 hrs per day. (R-l) 

. See Section 4.8.4 for detail timelines 

( ) Current Shuttle 4-psi suits permit a 

maximum of 6 hours EVA work time (R-l) 

• The EVA work time includes necessary 
rest periods for heavy physical labor, 
travel from airlock to work site and 
return. 


Freeman and Scales 
1978: 

JSC-10541 


NASA, 1976 (a): 
JSC-10615 


NASA, 1976 (a): 
JSC-10615 
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Tabic 5*2-1 (continued) Checklist: Constraints on Crew Work-Rest 

fecting Large Space Structures 


wrarrmu 


( ) CONSTRAINTS / ‘QUALIFICATIONS 


( ) The crew will follow a 16-hour awake/8-hour 

sleep cycle, per 24 hour period (R-l) 

• Adjustments can be made to accooBodate 
circadian shift requirements and 
particular activities, such as EVA, 
which may impact work load (See Text) 

( ) There will be 3/4 hour per day schedule for 

pre-sleep and post-sleep activities 
(1-1/2 hours total). (R-l) 


( ) The crew meal periods will be scheduled 

for one hour at least twice per day 


(R-l) 


( ) No scheduled exercise is planned for 

flights less than one week's duration (R-l) 


( ) Orbiter housekeeping duties shall be 

scheduled for crew work periods 

* See Section 5*3 


(R-l) 
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available in the orbiter. The following comments from Freeman and Scales (1973) 
are pertinent to planning concerns. 

"1. It is recommended that activity plans should minimize the number 
of mid-deck activities as much as possible when another crew is 
sleeping. This is desirable because of the proximity of the 
sleep stations to the mid-deck stowage lockers, meal preparation/ 
eating area, personal hygiene station, waste management compart- 
ment, and airlock. Activities such as MEAL, CO 2 ABSORBER REPLACE- 
MENT, and PSA's can interfere with the shift that is sleeping. 

2. For two-shift operations, significant problems occur when sched- 
uling on-orbit STS activities on the launch and entry days. It 
is assumed that the CDR is on one shift and the PLT is on the 
other. On launch day, one shift's sleep period has to be sched- 
uled too soon after orbital insertion so that the other shift's 
sleep period can begain at a reasonable time (not too late). 

3. On entry day, the problem is more severe. For this situation 
one shift will be awake for more than 12 hours prior to the 
actual landing time so that the other shift can be awake for 
the minimum 6 hours prior to entry. 

4. Problems also arise when scheduling extravehicular activities 
(EVA) during two-shift operations. The EVA itself would more 
than likely reoulre personnel from both shifts. In addition, 
the EVA preparation would take place in and near the airlock 
which is located in the mid-deck. These activities would 
Interfere with another shift's sleep period. Generally speak- 
ing, EVA is not compatible with a two-shift operation." 

Freeman and Scales conclude that: "The issue of scheduling two-shift 

operations as part of the STS work day can greatly impact current crew activity 
planning ground rules, especially for launch, entry, and EVA operations." 

On the other hand, systems analysis of space construction studies by 
Rockwell International (Roebuck, 1980) have shown the strong desirability of 
up to three-shift operations per day as a means to control launch weight, 
flight costs, and optimize orbiter utilization. Clearly, there needs to be 
further research directed toward resolving these conflicts in desires and 
requirements for operations with large space structures, so as to quantify 
impacts and improve habitability conditions which will result in optimized 
shift situations for the Shuttle orbiter operations. 

5.3 ORBITER HOUSEKEEPING REQUIREMENTS 

Crew productivity in the orbiter is affected to some degree by day-to-day 
housekeeping time constraints on available crew work time. Such time require- 
ments are currently not considered to be a major impact, since they require on 
the order of two to three man-hours per 24-hour day. Some of the time elements 
are affected by number of crew (e.g., LiOH filter element changeout) and possi- 
bly by other mission functions. Table 5.3-1 (from Freeman and Scales, 1978) 
summarizes the major housekeeping time constraints, as well as other daily 
STS on-orbit activities. 
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Table 5.3-1. Daily STS On-Orbit Activities 


C • CM; P ■ PIT: H • MS 
A U - CM. PIT, MS 


TsTWriCf” 

REMARKS 

(All dural Ions ara Increased to nearest 
S aln Increment) 


1/B 

HAS 

T/T? 

MIS 

T77T 

NAS 

r5T5prouTinrMTs 

im 

TTHT - 








SiilP 

ALL 

1 hri 



I 

• 

KAL 

ALL 

1 hr 

1 




PRE SLEEP ACTIVITY 

ALL 

45 ala 



1 


POST SLEEP ACTIVITY 

ALL 

45 all 



I 


lANOOVEA 

ALL 

IS all 


I 


2-SHIFT OPERATION ONLY 

4ASTE COMPARTMENT 
SvSTEM CLEANING 

P/C/M 

IS ala 



1 

# 

rfATEA DUMPS 

P/C 

S ala* 

■ 

B 

■ 

FREQUENCY dependent upon HATER QUANTITY. PERIOOIC CRT 
MONITORING IS ALSO REQO UNTIL DUMP COMPLETED 


P/c 

S ala 


B 

■ 

FREQUENCY DEFINED FOR 2 CREWMEMBERS ONLY 


P/C 

S ala 

n 


■ 

• 

STATUS IEP0AT 

P/C/M 

IS atn 



fl 

LAST HALF SHOULD COINCIDE WITH GSTDN M TMS AOS 

IMU ALIGNMENT 

P/C 

IS ala 

n 



ASSUMES IMU 1 S AND TWO STARTRACKERS POWERED UP 

HASH STOWAGE 

P/C/H 

IS ala 

■ 


■ 

* 























6.0 SPACE SHUTTLE GROUND OPERATIONS 1 


Constraint! associated with shuttle ground operations can be especially 
important when considering large space structure construction because many 
large space structures will require more than one shuttle flight to complete. 
Ground turnaround time between flights must be considered when calculating 
orbit decay of the partially completed structure left in construction orbit. 
Turnaround time constraints tend to become important limiting factors for 
dedicated orbiters which have special provisions for added cryogenic fuel 
tanks, nitrogen tanks, EVA aids, multi-shift operations, MMU and cherry 
picker stowage, and payload handling equipment interfaces. Duplication of 
such provisions on two or more orbiters could add significantly to costs, 
although launch sequence of successive flights might thereby be reduced. 

In addition, ground handling operations affect design of payloads and 
payload carrier in regard to loads and hard points for lifting and holding 
during ground handling, clearances for installation, checkout provisions 
and environmental protection. These general concepts for payload installation 
were discussed in Section 3.7, and are not repeated here. 

A document of particular significance to this area of payload integration 
concern is the KSC Launch site Accommodations Handbook for STS Payloadc, 
K-STSM-14.1 (NASA, 1978). 

6.1 KSC SPACE SHUTTLE SYSTEM GROUND FLOW 

Figure 6.1-1 shows the ground flow interrelationship of the Space Shuttle 
system elements: orbiter, external tank, solid rocket booster, some facilities, 

and some GSE. 

Insnediately after landing, the orbiter systems are secured, and the ground 
cooling equipment is connected. The vehicle is then towed to the orbiter pro- 
cessing facility where safing, payload removal, maintenance, and checkout and 
premate operations are performed. 

In parallel with orbiter operations, the solid rocket boosters (SRB's) 
are stacked and aligned on the mobile launch platform in the VA3. This is 
followed by the mating of the external tank (ET) to the SRB's, and then the 
mating of the orbiter to the ET and SRB's, after which an integrated systems 
test is performed and ordnance is installed prior to movement of the vehicle 
to the launch pad. Launch pad operations include a launch readiness verifica- 
tion test, hazardous servicing operations and the launch countdown. Payload 
changeout can also be performed on the launch pad. 

After launch and separation, the SRB's descend via parachutes into the 
ocean where they are recovered and returned to the launch site for disassembly 
and return to the manufacturing site for refurbishment. 

^'Caution: Not a controlled document! See appropriate reference 

documents for current data." 
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The external tank i> expended on eech launch, end therefore does not have 
a closed reuse cycle like the orblter and solid rocket booster. 

The payloads may be loaded into the orbiter during the maintenance and 
checkout operations or on the launch pad. Payloads returned from orbit will 
be unloaded from the orbiter in the orbiter processing facility and sent to 
payload operations for disposition. 

6.2 ORBITER GROUND TURNAROUND 

A design goal for the Space Shuttle orbiter and the support system is to 
be able to relaunch the orbiter 160 working hours after it retums/lands from 
an orbital mission* These 160 working hours are equivalent to 10 working days 
(8 hours per shift, 2 shifts per day, and 5 days per week) or 14 calendar days. 
This short ground turnaround time was in the interest in decreasing the mainte- 
nance cost (pert of the cost per flight), decreasing the inventory of orbiters 
and support system elements, and increasing the utilization rate of the orbiter. 
Gross time allocations for these activities are shown in Figure 6.2-1. 

The first actions after the orbiter lands and which require about 1 hour 
to accomplish are the removal of the flight crew and the attacbsmnt of ground 
cooling and towing equipment. The orbiter is then towed to the orbiter process** 
ing facility (OPF) where the vehicle is safed (fuels and oxidizers drained, 
tanks purged, and ordnance removed). Thereafter,, the OMS poda/RCS, payload, 
and OMS propellant kit are removed, and maintenance activity on the vehicle 
commences. The OMS/RCS are refurbished and reinstalled, the vehicle is checked 
out, the payload is installed, and the vehicle /payload interfaces checked. 

This activity in the OPF consumes the bulk (96 working hours) of the !60-hour 
goal. 


The vehicle is then moved to the vehicle assembly building (VAB) where it 
is lifted, erected, and mated to the SRB/ET that were stacked and mated vhile 
the orbiter was still in the OPF. The interfaces and integrated v* jle are 
checked, and ordnance is installed. The time allocated in the VAB ror the 
orbiter is 39 working hours. When the Space Shuttle vehicle and the mobile 
launch platform are ready to be moved, they can be moved or maintained in this 
configuration for a long period. 

The move to the launch pad, connecting interfaces, servicing, checkout, 
and launch are planned co take a minimum of 24 working hours. The system Is 
designed to be capable of launch within two hours after starting the tanking 
of fuels and oxidizers. 

6.3 VAFB GROUND SUPPORT SYSTEM 

Figure 6.3-1 illustrates the ground support system for the STS at Vanden- 
berg Air Force Base (VAFB), California. Most of the operations and equipment 
will be identical to that used at the Kennedy Space Center (KSC), Florida, but 
there are some differences due to variations in operating philosophies of NASA 
and DOD. 
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i4Ll 


Figure 6.2-1. Orbiter Ground Turnaround 






Figure 6.3-1. VAFB Ground Support System 







Current plans call for extension of the landing strip (V-17) and the 
addition or modification of facilities at the main ba*«. area to include: 
orbiter/747 mate/demate device (V-18), orbiter maintenance and checkout (V-19), 
safing and deservicing (V-19A), hypergolic maintenance and service (V-21), 
flight crew systems (V-27), and parachute refurbishment (V-30). Orbiters are 
delivered to the SLC-6 area via a tow-way (V-80). 

The Space Launch Complex (SLC-6) area was originally constructed for the 
Titan/MOL program. It will be modified for the Shuttle. The launch pad (V-23) 
will consist of a launch pad, mobile service tower, payload checkout room, 
launch service tower, and payload preparation room. Supporting the launch pad 
will be an external tank processing and storage facility (V-33), the SRB 
refurbishment and subassembly facility (V-35), and a launch control center 
(V— 28) . The VAFB Marine Facility (V-95) will accept ET's from Port Hueneme. 

The Port Hueneme area will receive tug-recovered expended SRB's which 
are disassembled, and the SRM's are prepared for shipment to Utah for refurbish- 
ment with new propellant grains, while other elements of the SRB's are trans- 
ported to Stations V-30 and V-35 at VAFB for refurbishment. Station V-35 
receives all of the SRB elements for reassembly and storage of the SRB sub- 
assemblies. The final assembly and stacking the segments/subassemblies take 
place at the launch pad (V-23). 

External tanks (ET's) are manufactured in Michoud, Louisiana, and are 
delivered four at a time on a ship. At Port Hueneme, the ET's are off-loaded, 
stored (in V-33A), and loaded on a barge (which carries two ET's) for delivery 
to VAFB Marine Facility. The ET's are transported to Station V-33 for storage 
until required at the Launch Site V-23. 
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APPENDIX A 


ACCU 

AFD 

AOA 

APU 

ASE 

ATC 

AXO 


CADH 

CAD SI 

CAT 

CAW 

CCTV 

CDR 

CMOS 

CMC 

COAS 

CRT 

DA 

DAP 

DAC 

DFI 

DOD 

DPAS 

ECLS 

eclss 

EMC 

EMI 

EMU 

EPS 

ET 

EVA 

FID 

FRR 

FSK 

FSS 

FSSR 

GET 

GFE 

GN&C 

go 2 


ACRONYMS AND ABBREVIATIONS 


Audio Central Control Unit 
Aft Flight Deck 
Abort to Orbit 
Auxiliary Power Unit 
Airborne Support Equipment 
Air Traffic Control 
Abort to Orbit 


Command and Data Handling 

Comauni cat ions and Data Systems Integration 

Communications and Tracking 

Caution and Warning 

Closed Circuit Television 

Critical Design Review or Commander 

Control Moment Gyro 

Crewman Optical Alignment Sight 

Cathode Ray Tube 

Deployed Assembly 
Digital Autopilot 
Display(s) and Control(s) 

Development Flight Instrumentation 

Department of Defense 

Data Processing and Software System 

Environmental Control /Life Support 

Environmental Control/Life Support Subsystem 

Electromagnetic Compatibility 

Electromagnetic Interference 

Extravehicular Mobility Unit 

Electrical Power Subsystem 

External Tank 

Extravehicular Activity 

Flight Implementation Directive 

Flight Readiness Review 

Frequency Shift Key 

Flight Support System 

Functional Subsystem Software Requirements 

Greenwich Elapsed Time 
Government Furnished Equipment 
Guidance, Navigation and Control 
Gaseous Oxygen 
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GPC 

GSE 

GSS 

HPA 

HQ 

I CD 

IH/SR 

IMU 

IVA 

JSC 

KSC 

LEO 

LH, 

LioH 

LOS 

LOX 

LSA 

LSS 

LSSM 

LV 

MODS 

MDM 

MECO 

MESA 

MMS 

MMU 

MPS 

MSBLS 

MSS 

NASA 

NAVAID 

NMI 

OMS 

OPF 

ORGS 

PCR 

PDR 

PDRS 

PEP 

PGHM 

PIDA 

PIP 

PL 

PLT 

PM 

PMF 

POCC 

POP 


General Purpose Computer 
Ground Support Equipment 
Ground Support System 

Holding-Position Aid 
Headquarters 

Interface Control Drawing 

Integrated Hardware /Software Review 

Inertial Measuring Unit 

Intravehicular Activity 

Lyndon B. Johnson Space Center 

John F. Kennedy Space Center 

Low Earth Orbit 

Liquid Hydrogen 

Lithium Hydroxide 

Line of Sight 

Liquid Oxygen 

Launch Services Agreement 

Large Space Structures/Systems 

Launch Site Support Manager 

Local Vertical 

Multi-functional Cathode Ray Tube Display System 

Multiplexer /Demultiplexer 

Main Engine Cutoff 

Modular Equipment Stowage Assembly 

Multipass ion Modular Spacecraft 

Manned Maneuvering Unit 

Main Propulsion System 

Microwave Scan Beam Landing System 

Mission Specialist Station 

National Aeronautics and Space Administration 
Navigation Aid 
Nautical Miles 

Orbital Maneuvering System 

Orbiter Processing Facility Cat KSC) 

Organizations 

Payload Changeout Room 

Preliminary Design Review 

Payload Deployment Retrieval System 

Power Extension Package 

Payload Ground Handling Mechanism 

Payload Installation and Deployment Aid 

Payload Integration Plan 

Payload 

Pilot 

Phase Modulated 
Performance Monitoring System 
Payload Operations Control Center 
Perpendicular to Orbital Plane 



PRCS 

RCS 

RF 

RHC 

RMS 

RTLS 

SCF 

SIC 

SM 

SMCH 

SPIDPO 

SRB 

SREP 

STDN 

STS 

• -.'AN 

j.a£M 

TBD 

TDRS 

TDRSS 

THC 

TPI 

TVC 

VAB 

VATB 

VRCS 

W 


Primary Reaction Control System 

Reaction Control System 

Radio Frequency 

Rotation Hand Controller 

Remote Manipulator System 

Return to Launch Site 

Satellite Communication Facility 

Space Launch Complex 

System Management 

Standard Mixed Cargo Harness 

Shuttle Payload Integration and Development Program Office 

Solid Rocket Booster 

Space Radiation Environments Program 

Space Tracking and Data Network 

Space Transportation System 

Tactical Air Navigation 

Terminal Area Energy Management 

To be determined 

Tracking Data and Relay Satellite(s) 

Tracking Data and Relay Satellite(s) System 

Translation Hand Controller 

Terminal-Phase-Initiate 

Thrust Vector Control 

Vehicle Assembly Building 

Vandenberg Air Force Base 

Vernier Reaction Control System 

Velocity Vector 
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APPENDIX B 


GLOSSARY 


abort The termination of a mission following any STS or payload failure 
occurring during the mission. This will initiate unscheduled payload ground 
operations, including removal, disassembly, deservicing, and return to the * 
factory or launch site. 

Airborne Suppo rt Equi pment (ASE ) All unique and common payload equipment 
located in the Orbiter to support the mission. It comprises payload support 
frames, cables, attachments, panels , etc. 

aft flight deck That part of the Orbiter cabin on the upper deck where payload 
controls can be located. 

airlock A compartment, capable of being depressurized without depressurization 
of the Orbiter cabin, used to transfer crewmembers and equipment. (A similar 
compartment in the Spacelab module is used to expose experiments to space.) 

azimuth True launch heading from KSC or VAFB measured clockwise from 0° north. 

barbecue mode Orbiter in slow roll for thermal conditioning. 

beta angle Minimum angle between the Earth-Sun line and the plane of the orbit. 

capture The event of the remote manipulator system end effector and/or other 
handling aids making contact with and firmly attaching to a payload grappling 
fixture. A payload is captured at any time it is firmly attached to the 
remote manipulator system. 

automated payloads Those payloads which are supported by an unmanned space- 
craft capabLe of operating independently of the STS . Automated payloads are 
detached from the Orbiter during their operational phase of their flights. 

cargo The total complement of payloads (one or more) on any one flight. It 
includes everything contained in the Orbiter cargo bay, plus other equipment, 
hardware, and consumables located elsewhere in the Orbiter that are user-unique, 
and are not carried as a part of the basic Orbiter payload support. 

cargo bay (or payload bay ) The unpressurized mid-part of the Orbiter' fuselage 
behind the cabin aft bulkhead where most payloads are carried. Its maximum 
usable payload envelope is 15 feet (4.6 meters) in diameter and 60 feet (18.3 
meters) long. Hinged doors extend the full length of the bay. 

cargo bay assembly The combination of a payload and all its ASE that is 
installed in the Orbiter cargo hay. 

cargo bay liner (or payload bay liner ) Protective soft material used to isolate 
sensitive payloads from the bay structure . 
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car^.o integration review Part of STS planning process that results in a cargo 
manifest, coat per flight, and billing schedule. 

cargo integration test equipment Setup at KSC that can provide testing of both 
payload-to-payload and cargo-to-Orbiter interfaces. 

certificate of compliance Documentation prepared by the ua*r confirming that 
a payload has successfully completed interface verification. 

commander This crewmember has ultimate responsibility for the safety of embarked 
personnel and has authority throughout the flight to deviate from the flight 
plan, procedures, and personnel assignments as necessary to preserve crew safety 
or vehicle integrity. The commander is also responsible for the overall execu- 
tion of the flight plan in compliance with NASA policy, mission rules, and 
Mission Control Center directives. 

contingency Any deviation from the planned flow and schedule for cargo or 
payload preparation and launch or on-orbit operations. 

crew activity planning The analysis and development of activities to be performed 
in flight by the crew, resulting in a time line of these activities and reference 
data for each flight. 

deadband That attitude and rate control region in which no orbiter reaction 
control subsystem or vernier correction forces are being generated. 

dedicated cargo mission A flight dedicated to one payload or STS cargo element. 

deployment The process of removing a payload from a stowed or berthed position 
m the cargo bay and releasing that payload to a position outside the cargo 
envelope, or attached to a large space structure. 

external tank Element of the Space Shuttle system that contains liquid propellant 
for the Orbiter main engines. It is jettisoned prior to orbiter insertion. 

extravehicular activity All activities for which crewmembers don their space 
suits and life support systems (Extravehicular Maneuvering Units), then egress 
the orbiter cabin (through an airlock, except in emergencies) into a space 
vacuum environment to perform duties (internal or external to cargo bay volume). 

extravehicular mobility unit A self-contained (no-umbilicals) life support system 
and anthropomorphic pressure garment for use by crewmembers during extravehicular 
activity. It provides thermal and micrometeoroid protection. 

flight The period from launch to landing of an Orbiter - a single Shuttle round 
trip. One flight might deliver more than one payload; more than one flight might 
be required to accomplish a single mission. 

flight deck assembly The aggregate of the ASE, such as control consoles, that 
is Installed in the Orbiter cabin upper deck. 
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flight kit Optional hardware (including consumables) to provide additional, 
special, or extended servicer to payloads. Kits are packaged in such a way 
that they can be installed and removed easily. 

flight manifest The designation of a flight, assignment of the cargo to be 
flown, and specific implementing instructions for STS operations personnel. 

flight phases Prelaunch, launch, on-orbit, deorbit, entry, landing, and post- 
1 ending. 

flight types Payload deployment and retrieval, on-orbit servicing of satellites, 
and on-orbit operations with an attached payload, as suited to the purposes of 
a mission. A single flight may include more than one of these purposes. 

free-flying system (or free-flyer ) Any satellite or payload that is detached 
from the Orbiter during operational phases and is capable of independent 
operation. 

Ground Support Equipment (GSE ) All the unique and common payload equipment 
required to support ground processing operations for a cargo element. It is 
comprised of flight hardware handling, devices, test sets, fluid transfer and 
metering systems, etc. 

e 

inclination The angle between the plane of the orbit and the equatorial 
plane . 

integration A combination of activities and processes to assemble payload and 
STS components, subsystems, and system elements into a desired configuration, 
and to verify compatibility among them. 

interface The mechanical, electrical, and operational common boundary between 
two elements of a system* 

interface verification Testing of flight hardware interfaces by an acceptable 
method that confirms that those interfaces are compatible with the affected 
elements of the Space Transportation System. 

launch pad The pad area from which the Space Shuttle will be launched. The 
stacked Space Shuttle will undergo final prelaunch checkout and countdown at 
the launch pad. 

launch site support manager Individual at KSC who is the single point of contact 
with users m arranging payload processing at the launch site . 

long duration exposure facility Free-flying reusable satellite designea primarily 
for small passive or self-contained active experiments that require prolonged 
exposure to space. It is launched in the Orbiter cargo bay and deployed and 
retrieved by the remote manipulator system. 

manned maneuvering unit A propulsive backpack device for extravehicular activ- 
ity. It uses a i'.ow-thrust, dry, cold nitrogen propellant. 



mission The performance of a coherent set of investigations or operations in 
space to achieve program goals* A single mission might require more than one 
flight, or more than one mission might be accomplished on a single flight. 

Mission Control Center Central area at JSC for control and support of all 
phases of STS flights. 

mission kit Flight kit is the preferred term. 

mission specialist This crewmember is responsible for coordination of overall 
payload /STS interaction and, during the payload operations phase, directs the 
allocation of the STS and crew resources to the accomplishment of the combined 
payload objectives. The mission specialist will have prime responsibility for 
experiments to which no payload specialist is assigned, and/or will assist the 
payload specialist when appropriate. 

mission station Location on the Orbiter aft flight deck from which payload 
support operations are performed, usually by the mission specialist. 

mixed payloads Cargo containing more than one type of payload. 

mobile launch platform The structure on which the elements of the Space Shuttle 
are stacked in the Vehicle Assembly Building and are moved to the launch pad. 

mobility aid Handrails or footrails to help crewmembers move about the space- 
craft. 

module Typically a pressurized manned laboratory suitable for conducting 
science, applications, and technology activities. Unmanned modular units may 
also be described by this term. 

module exchange mechanism . Part of the Multimission Modular Spacecraft flight 
support system that is used for servicing. 

Multimission Modular Spacecraft Free-flying system built in sections so that 
it can be adapted to many missions requiring Earth-orbiting remote -sensing 
spacecraft. It is launched in the Orbiter cargo bay and deployed and retrieved 
by Che remote manipulator system. 

multiple payloads When more than one payload is carried in the cargo bay. 
Multiple payloads involve multiple Payload Mission Managers. 

multiuse mission support equipment Hardware available at the launch site for 
handling payloads, or common flight hardware used by various payload disciplines. 

nadir That point on the celestial sphere vertically below the observer, or 180° 
from the zenith. 

off-line integration Assembly of payload elements or multiple payloads that 
does not involve any STS element. 

on-line integration Mating of payloads with the Orbiter, Spacelab, or upper 
stage. Level 1 is with the Orbiter. Level II is with the Spacelab, upper 

stage, etc. 



op«ration» planning Performing those tasks that must be done to ensure that 
vehicle systems and ground-based flight control operations support flight 
objectives. 

orbital flight test One of first four scheduled developmental space flights of 
the Space Shuttle Sys tem . 

orbital maneuvering subsystem Orbiter engines that provide the thrust to perform 
orbit insertion, circularization* or transfer; rendezvous; and deorbit. 

Orbiter Manned orbital flight vehicle of the Space Shuttle system. 

Orbiter Processing Facility Building near the Vehicle Assembly Building at 
KSC with two bays in which the Orbiter undergoes postf light inspection, mainten- 
ance, and premate checkout prior to payload installation. Payloads are also 
installed horizontally into the Orbiter in this building. 

pallet An unpressurized platform, designed for installation in the Orbiter 
cargo bay, for mounting instruments and equipment requiring direct space 
exposure. 

pallet train More than one pallet rigidly connected to form a aingle unit. 

payload The total complement of specific instruments, space equipment, support 
hardware, and consumables carried in the Orbiter (but not included as a part 
of the basic Orbiter payload support) to accomplish a discrete activity in 
space. Also referred to as a cargo element. 

payload changeout room An environmentally controlled room at the launch pad 
for inserting payloads vertically into the Orbiter cargo bay. 

payload discipline training Preparation of a mission or payload specialist for 
handling a specific experiment. This training is usually the responsibility 
of the user. 

Payload Operations Control Center Central area, located at any of three NASA 
centers, from which payload operations are monitored and controlled. The user, 
in many instances, will have direct command of a payload from this control 
center. 

payload preparation room Facility at the Vandenberg Air Force Base launch pad 
for processing and checking payloads. 

payload specialist This crewmember, who may or may not be a career astronaut, 
is responsible for the operation and management of the experiments cr oth-;r 
payload elements that are assigned to him or her, and for the achievement of 
their objectives. The payload specialist will be an expert in experiment design 
and operation. 

payload station Location on the Orbiter aft flight deck from which payload- 
specific operations are performed, usually by the payload or mission specialist. 
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payload supplier Owner /operator of any Space Shuttle payload. 

pilot This crewmember Is second in connand of the flight and assists the 
commander aa required in the conduct of all phases of Orbiter flight. 

reactor control subsystem Thrusters on the Orbiter that provide attitude 
control and three-axis translation during orbit insertion, on-orbit, and 
reentry phases of flight. 

remote manipulator system Mechanical arm on the cargo bay longeron. It is 
controlled from the Orbiter aft flight deck to deploy, retrieve, or move 
payloads . 

retrieval The process of utilizing the remote manipulator system and/or 
other handling aids to return a captured payload to a stowed or berthed 
position. No payload is considered retrieved until it is fully stowed for 
safe return or berthed for repair and maintenance t—sks. 

simulator A heavily computer-dependent training facility that imitates flight 
hardware responses . 

solid rocket boosters Element of the Space Shuttle that consists of two solid 
rockat motors to augment ascent thrust at launch. They are separated from 
the Orbiter soon after lift-off and recovered for reuse. 

scar Additional thickness of material, brackets or stiffeners and possibly 
holes incorporated in structure (of Orbiter in this context) to provide 
fastening points for future installations of non-standard equipment, electrical 
lines or fluid lines. 

spacecraft (SC) or satellite The combination of mission equipment and a 
carrier capable of autonomous operations in space. The spacecraft or satellite 
may include an intagral propulsion system. In this document, the terms "space- 
craft", "satellite", and "automated payload" are synonomoua , and apply to 
large space structures and construction fixtures, etc. capable of free-flight 
during the absence of the orbiter, either in a partially constructed stage or 
aa a fully completed project. 

Space lab 

A general-purpose orbiting laboratory for manned and automated activities in 
near-Earth orbit. It includes both module and pallet sections, which can be 
used separately or in several combinations. 

Space Shuttle Orbiter, external tank, and solid rocket boosters. 

space tracking and data network A number of ground-based stations having 
direct ccsnunications with NASA flight vehicles. 

Space Tr ansport ation System An integrated system consisting of the Space 
Shuttle (Orbiter, external tank, solid rockat boosters), upper stages, 

Spacelab, and any associated flight hardware and software. 
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Space Transportation System (STS) Cargo Elrwnt The combination of the cargo 
bay and flight deck assemblies associated with one payload. 

STS cargo The combination of one or more cargo elements and all NASA-supplied 
mission kits provided for special or extended services that are not carried 
in the standard baseline Orbiter. 

stability rate The maximum angular rate error during steady state limit 
cycle operation. 

s toving The process of placing a payload in a retained position in the cargo 
bay for ascent or return from orbit. 

Tracking and Date Relav Satellite system Two-satellite communication systems 
providing principe*. coverage fron^geosynchronous orbit for all STS flights. 


user An organisation or individual requiring the services of the Space Trans 
portation System. 

utilisation planning The analysis of approved (funded or consnitted) payloads 
with operational resources , leading to a set of firm flight schedules with 
cargo manifests. 

7ehicle Assembly Building (VAB) High-bay building near KSC launch pad in 
which the Shuttle elements are stacked onto the mobile launch platform. It 
is also used for vertical storage of the external tanks. 

Western Launch Operations Division NASA operation at Vandenberg Air Force 
Base . 
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